1 



SEMINAR PROCEEDINGS 



PRACTICAL IMPLEMENTATION OF 
STORM WATER MANAGEMENT 



■^TECHNIQUE 



31 
■>■■ 



tr ^^E^^^ 



iOO 
iOJ 

io 

eO 

Io 

CO 



October 20 and 2 I , I 980 
Co-Sponsored by 




1 ; 



Ministry 
of the 
Environment 



municipal 
enginee" 
assDcia 

Ontario 




f ( TD Seminar proceedings : practical 

657 implementation of storm water 

S46 management technique. 

1980 78469 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown 
copyright (unless otherwise indicated), which is held by the Queen's Printer 
for Ontario. It may be reproduced for non-commercial purposes if credit is 
given and Crown copyright is acknowledged. 

It may not be reproduced, in all or in part, part, for any commercial purpose 
except under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please 
contact Service Ontario Publications at copvrinhtCg'ontario.ca 



^•7>f^ 



SEMINAR PROCEEDINGS 

Practical Implementation of 
Storm Water Management 
Technique 



October 20 and 21, 1980 



Sl 



eneT^ 






Co-sponsored by 

Ministry of the Environment 

and 

Municipal Engineers Association 






17863 



ENTERED JUL 7 2003 

TABLE OF CONTENTS ^^^ 

Standards Development Branch 
LIBRARY 



1. opening Comments 



by; Mr. W.J. Warwick, P. Eng. 

Executive Director of Engineering 
Borough of Scarborough 



2. Urban Drainage Policy Development in Ontario 

by: Mr. D. Weatherbe, P. Eng. 
Water Resources Branch 
Mainistry of the Environment 



Development of Municipal Drainage Policies 

by: Mr. O.M.Ellis, P. Eng. 

Director of Public Works 
Town of Da kv i 1 1 e 



k. is it A Reality, A Day Dream or A Nightmare 

by: Mr . F.I. Lorant , P . Eng . 

Chief Water Resources Engineer 
M. M. Dillon Limi ted 



Development of Municipal Drainage Policies 
In the Town of Oakville 

by: Mr. Brian W i gg 1 eswor t h , RDMR (f) 
Director of Parks and Recreation 
Town of Mar kham 



Design Cases: Hydrographs and Sizing of Storm Water 
Detention Facilities 

by: Mr . R. B i shop, P . E ng . 

Senior Project Engineer, Water Resources 

a nd 

Mr. B.M . Cosburn , P. E ng . 

Project Director, Water Resources 

Marshall Macklin Monaghan Limited 



(Contents cont'd.) 



Urban Drainage Models for Planning and Design 

by: Mr. Alan R. Perks, P. Eng. 

Manager, Hyd ro techn i ca 1 Group 

and 

Mr. A. Charles Rowney, P. Eng. 
Hydro techn i ca 1 Engineer 

Proctor £ Redfern Limited 



Erosion Control Practices of the 

Ministry of Transportation and Communications 

by: Mr. J.J. Armstrong, P. Eng. 

Head, Environmental Technical 

Development Section 
Ministry of Transportation & Communications 



Results of Recent Watershed 
Planning Studies in Metro Toronto 

by; Mr . M . Garrett 

Administrator, Water Resources Division 
The Metropolitan Toronto and 
Region Conservation Authority 



1 0. 



Other Considerations Besides Techniques For 
Storm Water Management 
( Lu ncheon Paper ) 



by ; 



en , 



Eng 



Mr. R. F. A' 

President, 

Municipal Engineers Association 



OPENING COMMENTS 

PRACTICAL IMPLEMENTATION OF STORM WATER MANAGEMENT TECHNIQUES 

Monday, October 20, 1980 

Skyline Hotel, Etobicoke 

W.J. Warwick, P. Eng. 

First of all, let me tell you how glad I am to be here 
this morning. I must, on behalf of the M.O.E. and M.E.A., extend to 
each and every one of you a warm welcome, and our appreciation of 
your support of this seminar. 

As a practicing municipal engineer, I am not very inter- 
ested in the complexities of Storm Water Management as far as mo- 
deling, computer programs, and the finite theory go. But I am ex- 
tremely interested, and feel sure that many of you share the view, 
that what we want to know is what can be done in Ontario to imple- 
ment the new and modern concept of Storm Water Management. I leave 
it to academics and others to make the computer work for me, and not 
me work for the computer. 

Storm Water Management is the "in thing" of the early 
'80's' on the subject. 

For the next two days, you will be attending sessions on 
policy and planning from both provincial and municipal points of 
view. There are also technical sessions to provide you with an 
overview on design technique, erosion control, and legal aspects of 
drainage. Tomorrow afternoon we will distribute a questionnaire, 
which we ask you to complete. It is a very simple questionnaire in 
which we seek your views on the value of this seminar. 

What is Storm Water Management? I do not accept that 
this is something really new. The name is, and I like the way it 
sounds. It means something more positive to all of us. It tells us 
to recognize and consider all components of the storm sewer system 
from the upper reaches of the watershed through the system, and, 
finally, to the eventual receiving waters. Various rainfall events 
are included during the design process to identify their effect on 
the watershed. Simply stated, it is the planning, analysis, and 
control of storm water runoff to meet specific objectives. Storm 
water facilities must be planned to co-ordinate with flood plain 
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land use, and other servicing plans. 

Historically, the conventional or convenience system 
would size storm sewers to accommodate the flow from a storm inten- 
sity predicted to return once every 2, 5, or 10 years (or such other 
period chosen by the designer). However, we all know that storms 
of greater intensity do occur, and cause flooding and property dam- 
age. These events occur so infrequently that to design the conven- 
ience system to the greater intensity storm is considered economi- 
cally unjustifiable. In addition to this, very little, if any, 
provision was made for overland flow routes to accommodate flows 
over the design return periods, or to provide effective control 
over building elevations to limit backups. 

It must be realized that the overland flow route, or 
major system, will exist in a serviced community, whether or not it 
has been planned or designed, and whether or not development has 
been wisely situated with respect to it. Water will obey the law of 
gravity, and flow downhill to seek its lowest level, whether buil- 
dings or people are in its way or not. 

Emphasis must, therefore, be placed on early and thorough 
planning, not only within the major pieces of legislation, but also 
within the small-scale subdivision work. To do this, an educa- 
tional program to reach land use planners, architects, developers, 
politicians, and the general public, is essential. How this will 
occur, if ever, I do not know, but it is essential for the success- 
ful implementation and acceptance of Storm Water Management. There 
are many opportunities to achieve storage and detention of storm 
water if the concepts are applied at an early stage in the planning 
process. For instance, the siting of parks, schools, and open 
space areas can provide the dual purpose of storm water control and 
recreational activities, if well placed by the town planners and 
development planners. Also, the location of roads can act against 
overland flow routes by forming a dam, or act with them by provi- 
ding a natural flow path. 

Another aspect of Storm Water Management which I would 
like to briefly touch on is that of quality of storm water. Up to 
now, this has been given a lower priority of consideration, as we 
have primarily tackled the problems inherent in the quantity part 
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of Storm Water Management, probably because it is the easier of the 
two, at least in my opinion it is. Water quality control measures 
will be given due consideration as we go through the '80's'. 
Detention systems can only help us in this. I do not believe that 
quality control is a problem of what could be done, but what should 
be done. This was inherent in the thinking of the Steering Com- 
mittee in the planning of this seminar. This, to my mind, is what a 
design engineer wants to know. What should be done now to con- 
tinue, or, in some areas, to commence the practical implementation 
of Storm Water Management techniques? 



URBAN DRAINAGE POLICY DEVELOPMENT IN ONTARIO 
O.G. Weatherbel 

BACKGROUND TO POLICY PROPOSALS 

Introduction 



In keeping with the theme of the symposium session - Influence of 
Man - our goal as scientists and environmentalists should be to seek 
to minimize the influence of man on the hydrology and water quality 
of the environment. We should not just record and observe the 
changes caused by man on the environment. Of course, to do this we 
have to proceed through the technical and scientific steps of: 
first, recording the influence of man to identify the presence of 
problems; second, developing special methods for analysing the 
problems and predicting future problems; third, developing technical 
solutions for resolving problems which can be tested with the 
analytical tools; last, an implementation program to allow 
application of technical solutions in the jurisdiction of concern 
should be developed. This process is being followed in Ontario and 
this paper will provide an outline of the background technical 
studies and a status report of the development and application of 
urban drainage policy. 

Non-point sources have been identified by the International Joint 
Commission [IJC] as significant contributors to the worsening of the 
water quality in the Great Lakes. The recommendations of the IJC in 
the early 1970' s led to the establishment of two research programs 
dealing with non-point sources. The first program dealt with 
various point and non-point sources related to land use and was 
carried out by the Pollution from Land Use Activities Reference 
Group (PLUAR6). The second program was administered by the Urban 
Drainage Sub-committee. 

PLUARG Studies 

The Canada-U.S. Agreement on Great Lakes Water Quality of 1972 led 
to the study of pollution in the boundary waters of the Great Lakes 
system from land use activities. Past studies indicated that 
current conditions in the lakes could not be related entirely to 
readily identifiable point sources. In order to quantify and 
describe non-point sources of pollution, PLUARG studied the 
pollution potential of several land use activities, including 
agricultural, urban, forestry, transportation and waste disposal 
activities, as well as natural processes such as lakeshore and river 
bank erosion. PLUARG also examined atmospheric deposition of 
material on land and water surfaces. 

IWater Resources Branch, Ontario Ministry of the Environment, 
135 St. Clair Avenue West., Toronto, Ontario, M4V 1P5. 
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On a lake-wide basis, the major problems were considered to be 
eutrophi cation or accelerated aging of the lakes, and the buildup of 
toxic substances in the lakes. The study found that the Great Lakes 
are being polluted from drainage sources by phosphorus, sediments, 
some industrial organic compounds, some previously used pesticides, 
mercury and, potentially, other heavy metals. Local problems in 
Some nearshore areas are associated with sediments and 
microorganisms in land drainage. Combined sewer overflows were 
recognized to cause increased loadings of most pollutants and 
elevated microorganism levels in local receiving waters. 

Recommendations in the PLUARG report to the IJC (1) included the 
development and implementation of management plans to reduce the 
loadings of phosphorus, sediments and toxic substances from rural 
and urban areas. It was recormiended that the management plan for 
urban areas include: 

i) proper design of urban stormwater systems in developing areas 
such that natural streamflow characteristics are maintained; 

ii) provisions for sediment control in developing areas; and 

iii) control of toxic substances from conmercial and industrial 
areas. 

The IJC in its report on the PLUARG findings to the governments of 
the United States and Canada stated "the major problems of urban 
non-point pollution, with the exception of combined sewer overflows, 
relate to the control of sediment and associated pollutants. To a 
large degree these problems can be prevented or alleviated by 
greater awareness, planning and proper design of urban developments 
and infrastructure. The preventative approach should be universally 
adopted for new urban development. Application of structural 
remedies to existing urban areas will be extensive and more 
difficult to achieve, and should be assessed on a case by case 
basis". They further suggest in the report that the technique 
mentioned above for urban management plans be utilized as well as 
methods such as street sweeping for control of pollutants at source 
in developed areas (2). 

Urban Drainage Sub-coimiittee Studies 

The government of Canada and the Province of Ontario entered into an 
agreement in 1971 - the Canada-Ontario Agreement on Great Lakes 
Water Quality - to accelerate the abatement of pollution in the 
lower Great Lakes. As part of this agreement, the Urban Drainage 
Sub-committee (UDS) was formed, with terms of reference: 

1) to define the magnitude of pollution due to urban runoff in the 

Great Lakes Basin; 
ii) to develop or recoinrend appropriate analytical and control 

technology for resolving problems; and 
iii) to develop a strategy for implementing solutions to the problem. 



studies addressed each of the terms of reference in separate 
phases. It was concluded from a number of monitoring studies in the 
first phase that urban runoff is a significant source of pollution, 
particularly in the case of combined sewer overflows (3, 4, 5, 6, 7, 
8, 9). Two studies which addressed the overall magnitude and 
significance of loadings to the Great Lakes from urban runoff aided 
in the assessment of the problem (10, 11). It became apparent that 
pollution control of urban runoff could not be considered without 
also considering flood control, since municipalities and property 
Owners are most concerned with basement and surface flooding, and 
both types of flooding occur relatively frequently (12, 13). It also 
became clear that the urbanization effect of increasing both the 
rate and volume of runoff water discharged to receiving streams 
often resulted in water quality degradation, flooding and channel 
erosi on. 

The second phase of the study led to the review of urban runoff 
models and the acquisition of considerable experience in the use of 
these models, notably the U.S. Environmental Protection Agency's 
Storm Water Management Model (SWMM) and the U.S. Army Corps of 
Engineer's Storage Treatment Overflow Runoff Model (STORM) (14). 
Several studies reviewed preventative and remedial measures such as 
stormwater management ponds (15, 16), and other control technologies 
described in the UDS sumnary report (17). Much of the work carried 
out in the United States proved helpful in identifying useful 
technologies and avoiding duplication of effort (18). 

The third phase of the program which dealt with development of a 
strategy for implementing solutions, led to a series of conferences 
and publications, with the goal of transferring information and 
knowledge gained in the program to potential users - primarily 
municipalities and consulting engineers (19, 20, 21). The Urban 
Drainage Manual of Practice (22) which provided an overview of urban 
drainage problems and solutions was developed. Also as part of this 
phase, a committee - the Urban Drainage Policy Committee - was 
formed to consolidate all the research and development findings and 
propose comprehensive model policies for urban drainage management 
which would lead to the alleviation of pollution as well as the 
resolution of flooding problems in urban areas. The model policies 
to be developed were to take account of the administrative and 
legislative framework in Ontario such that the policies could 
Subsequently be considered for adoption by the Ontario government. 
These model policies could also form the basis of urban drainage 
management programs for other jurisdictions; however, the 
legislative and administrative framework in other jurisdicitions 
would have to be taken into account. The following section of this 
paper is surrmarized from the report of this committee (23).. 

PROPOSED URBAN DRAINAGE POLICIES 

Pol icy Objectives 

The various levels of government have the common goals of preserving 
and improving the quality of the environment for present and future 



uses, protecting life and property from damages, conserving natural 
resources, and maintaining and upgrading the standard of living, as 
well as supporting orderly development. In terms of urban drainage 
management, these goals can be translated into the following 
Specific objectives: 

•f to prevent health hazards, loss of life and property damage on 

site; 
*^ to minimize inconvenience from surface ponding and flooding on 

site; 

to minimize alteration of the local groundwater system and the 

hydrology of receiving watercourses; 
¥ to minimize downstream flooding, changes in natural stream 

geometry and channel erosion; 

to minimize pollution discharges to watercourses; and 

to minimize sediment pollution of watercourses from 

construction activity. 

In meeting these objectives, costs should be minimized and the 
rights of riparian owners should be maintained where these rights 
have not been specifically set aside by legislation. 

Modern Concepts in Urban Drainage 

In order to fulfill the objectives stated above and avoid the past 
problems and expenditures to remedy these problems, a new approach 
to urban drainage management was considered necessary by the policy 
committee. This new approach consists of the application of new and 
existing urban drainage concepts through a broader use of existing 
planning mechanisms, using new and innovative technology where 
needed. Proper planning of urban drainage systems must consider the 
use of the natural drainage system with the goal of retention of the 
pre-development runoff hydrograph. Other important concepts for 
urban drainage include the use of the watershed as the logical unit 
for drainage planning, the recognition of the dual role of the major 
and minor drainage systems, and recognition of the necessity of 
cost-effectiveness in drainage and environmental planning. The 
existing framework for land use, environmental and drainage planning 
can be utilized to apply these concepts, which are described in more 
detail below. 

i) The natural drainage system concept requires recognition of the 
natural or predevelopment hydro! ogic cycle and an attempt to 
maintain this natural cycle in an urban development, by a 
combination of planning and structural and non-structural 
measures. The effect of adopting and applying this concept to 
drainage design is to minimize the long-term negative effects 
of new developments such as flooding downstream, channel 
erosion, and water quality degradation (24). Methods of 
applying this concept include protection of natural 
watercourses where possible by maintaining their natural state, 
maintenance of pervious surfaces by discharge of roof drainage 
onto grass surfaces in low to medium density developments, use 
of waterways where practical to retard surface runoff rates and 



allow for increased percolation of runoff, retention and 
detention of stormwater on rooftops, parking lots, and 
stormwater management ponds and in sub-surface storage areas. 

ii) The concept of watershed planning is well recognized; however, 
in practice little urban drainage design is based on this 
Concept. The watershed is the natural system for conveyance of 
runoff during storm events and is also the system for 
Conveyance and assimilation of natural and man-made wastes. 
Master drainage planning on a watershed basis prior to land 
development is required to properly recognize this in drainage 
planning and design. 

iii) The concept of the major and minor drainage system should be 
recognized in the design of drainage elements for new urban 
development and in the design of remedial measures. The minor 
or convenience system consists of roof drains, gutters, catch 
basins, storm sewers and channels, typically designed to accept 
runoff from a typical "design storm" with a frequency of 
occurrence of from 2 to 10 years. The major system is the 
route followed by runoff waters when the capacity of the minor 
system is exceeded which when recognized in design, consists of 
roadways, drainage easements and storage ponds (if required) 
and major watercourses. If the major system is not recognized 
in design of urban drainage systems then surface flooding, 
surcharged storm sewers and severe property damage may result 
whenever the minor system capacity is exceeded (24). 

iv) The concept of economic efficiency or cost-effectiveness should 
be considered in drainage design and pollution control planning 
in wider scope studies which allow proper consideration of 
benefits and costs, and which allow more alternatives to be 
considered in the planning stages. 

Administrative Considerations 

Land use planning is typically carried out by municipalities, with 
the Planning Act (25) providing the means for municipalities to set 
up "official plans" for the purposes of providing for "the health, 
safety, convenience and welfare of present and future inhabitants". 
Environmental planning is carried out under the auspices of the 
Ministry of the Environment as set out in the Ontario Water 
Resources Act, the Environmental Protection Act and the 
Environmental Assessment Act (26, 27, 28). Flood control planning 
is carried out by conservation authorities under the Conservation 
Authorities Act (29) administered by the Ministry of Natural 
Resources. This Act also provides a broad legislative mandate for a 
conservation authority to manage the renewable natural resources of 
a watershed. 

It was concluded by the Urban Drainage Policy Committee that 
adequate planning procedures were available for implementation of 
urban drainage policies and that legislation was in place to support 
my proposed policies. As described previously it was also 
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considered that the technologies for analysis of urban drainage 
systems and control of urban runoff were available and thus that 
there was no technical limitation for implennenting proposed policies, 

Proposed Policies 

The proposed policies address the environmental, property protection 
and economic efficiency objectives of drainage design, and call for 
comprehensive planning to be adopted to implement the objectives. 
The proposed policies cover five specific areas as described below. 

i) Municipalities, in co-ordination with conservation authorities, 
would be required to develop master drainage plans for all 
watersheds within their boundaries. The purpose of this policy 
is to foster master drainage planning for rapidly developing 
municipalities to ensure that stormwater drainage systems are 
developed in a manner compatible with watershed needs, to 
identify existing water quality and flooding problems and to 
avoid future problems. 

ii) Municipalities with sewage collection and treatment systems 
would be required to formulate and implement a comprehensive 
pollution control strategy which includes consideration of both 
wet and dry weather pollution sources. The initial stage of 
the formulation - an in-system review of the relatively unknown 
wet weather sources, volumes and magnitudes of pollution - 
would be required as a basis for plan formulation. 
Consideration of receiving water objectives and the cost and 
effectiveness of wet weather versus dry weather controls would 
lead to a final comprehensive strategy. The end result is felt 
to be a more cost-effective investment in municipal pollution 
control . 

iii) New drainage systems for all development would be required to 
be designed using the major-minor system concept which 
recognizes the dual role of the drainage system in providing 
for convenience during minor (high frequency) runoff events and 
to minimize property damage and protect life during major 
(rare) runoff events. Expenditures for sewer construction are 
expected to be reduced since the minor system would be designed 
to avoid excessive cost through the use of overly conservative 
design techniques or excessively rare design storms, bearing in 
mind that the major system would be designed to provide 
protection against damage from storms which exceed the capacity 
of the minor system. The overall drainage system would provide 
a higher level of protection since the major system of flow 
routes on roadways and drainage easements would be designed for 
rare events and would also recognize that some level of 
inconvenience would be experienced fran time to time. 

For residential areas, a design frequency as low as a one and 
two year storm should be considered for minor system design. 
The major system should provide the same level of protection as 
is provided by floodplain management programs, which in Ontario 
is protection from a one in one hundred year storm occurrence. 



iv) Components of new urban developments would be required to 

indicate the effects of the development on a watershed and to 
carry out mitigative measures as required. Hydrologic changes 
and pollutional effects on the receiving water course are 
considered to be the important effects in this case. This 
policy is best carried out in relation to an existing master 
drainage plan, in which case the specific requirements for new 
urban developments would already be addressed in a general 
sense by the master drainage plan. In the absence of master 
drainage plans, this policy would require some consideration of 
watershed effects; however, not to an excessive level of 
detail . 

V) Proponents of new urban developments would be required to plan 
for and carry out an erosion and sediment control program in 
the planning and construction stages of development, and to 
follow this up with an adequate maintenance program. It is 
felt that construction generated sediment pollution is a severe 
enough problem to justify controls on an across-the-board basis. 



IMPLEMENTATION 

Concerns Expressed 

The report "Proposed Model Policies for Urban Drainage Management" 
(23) was circulated in 1979 to provincial and federal government 
agencies, municipal and consulting engineering organizations, and 
the development industry. Generally the proposals were received 
favourably with only minor modifications of the proposals requested; 
however, some concerns were expressed regarding future 
implementation programs. It was pointed out that an adequate 
technical capability was needed by those involved in planning, 
designing, reviewing, approving and operating urban drainage systems 
using new technology and concepts. Consequently, a broader based 
and continuing training program would be needed to implement the 
policies. The jurisdiction for implementation of the proposed 
policies at various levels of government needed further 
clarification, and the review and approval procedure needed to be 
spelled out in detail. Municipal officials pointed out the need for 
subsidies and grants for engineering studies and capital works. 
Detailed technical guidelines for each policy area would be 
required. The need for a follow-up implementation committee was 
pointed out and this is recognized by the Ontario government. 

Implementation Committee 

An implementation committee is proposed to start in 1980 to take 
account of the concerns expressed in the review of the proposed 
policies. The implementation committee will adapt and refine the 
model policies, taking account of recent administrative and 
legislative changes in Ontario. A detailed implementation package 
will be prepared outlining administrative arrangements, available 
and needed resources for implementing the policies, technical 
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guidelines such as an Ontario "Code of Drainage Practice", and a 
phase-in program for implementing policies. An impact statement 
outlining the effect the policies would have on the financial and 
human resources of the province will be prepared. 

Application Example 

As described above the policy proposals have been circulated widely 
and the concepts presented in a number of forums. Consequently, 
several Ontario cities have adopted most of the policies on the 
basis of their underlying logic and the benefits to be achieved from 
implementing them. A notable example is the City of Oakville which 
has set the following objectives for urban drainage management: 

i) to ensure that the constraints and opportunities associated 
with urban drainage are properly recognized and are integrated 
with community plans and designs; 

ii) to reduce, to acceptable levels, the potential risk of health 
hazards, loss of life and property damage from flooding; 

iii) to reduce, to acceptable levels, the incidence of inconvenience 
caused by surface ponding and flooding; 

iv) to ensure that any development or redevelopment is effected so 
as to minimize the impact of change to the groundwater regime, 
increased pollution, increased erosion or increased sediment 
transport, especially during construction; and 

v) to maintain the natural stream channel geometry, insofar as it 
is feasible while achieving the above objectives. 

The report outlining the Oakville policies (30) also presents 
details of major and minor system design, planning approaches to 
urban drainage, erosion control criteria, requirements for master 
drainage plans and computational methods for aid and design. 
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Development of Municipal Drainage Policies 
0. H. Ellis, P. Eng. 

By adopting storm water management techniques, past problems, 
some with expensive engineering solutions, are being avoided and 
superior communities are being developed. This paper explains how 
one Ontario town, Oakville, developed its drainage policies and 
elaborates on these policies and certain problems associated therewith 
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I. INTRODUCTION 

Houses in flood plains, expensive dams and diversion channels, 
concrete lined ditches, natural creeks piped and lost forever, 
flooding in basements, flooding on roads, erosion of creek valleys - 
sound familiar? These are the result of a lack of adequate storm 
water management policies in the past. Fortunately, lessons have been 
learned and attitudes are changing. Today, at all levels of government, 
we are working very hard to avoid the types of problems referred to 
above . 

As of two years ago, our storm water management policies 
in Oakville were very short and simple - Use the Rational Method with 
a 10 year curve and keep the houses out of the flood plains. Drainage 
was not considered at the time of community planning but after the 
fact. However, several large communities were being proposed for 
Oakville which would double our present population of 70,000 over the 
next 20 years. Some of this development would involve massive 
engineering works like diversion channels, dams, and channel improve- 
ments if we proceeded as in the past while other developments 
threatened the future of some of our smaller creeks. We were aware 
that there were alternative procedures available such as controlling 
run-off which would avoid these expensive engineering works. Also, 
we were aware of some of the other storm water management techniques 
being used in the U.S. and Canada. The Provincial Ministries were 
looking at storm water management policies and guidelines but progress 
seemed slow and it was not known when they would be implemented nor 
how they would affect us. It seemed that the time had arrived that we 
should proceed to prepare our own policies for use in the development 
of these new proposed communities and to whatever extent possible 
in the existing developed areas of the Town. These policies would 
then be used until the Provincial Ministries implemented theirs, 
at which time ours would be altered as required. The Town, therefore, 
utilized the Consulting Engineering firm of Andrew Brodie Associates 
Inc. who were made available at the expense of one of the major 
developers, Genstar Limited, to work with its Technical Co-Ordinating 
Committee in the preparation of a new Storm Drainage Policies and 
Criteria manual. The Technical Co-Ordinating Committee was composed 
of representatives from Halton Region Conservation Authority and 
the Town of Oakville 's Departments of Planning, Building and Public 
Works. Consultations with Parks Dept, officials were made regarding 



certain aspects of the policies. We decided to have every group 
represented who was involved in storm drainage in any way and to 
try to incorporate their concerns and comments. In this way, when 
we were finished, we would have policies which we could all support 
and carry out in our respective departments. We believe we 
accomplished this. We did not set out to re-invent the wheel. We 
did no original research. We looked at manuals, guidelines, and 
practices from other places in Canada and U.S., relied on the 
expertise and experience of our consultants and tried to use some 
common sense of our own. We adopted what we felt should be good 
for the Oakville situation. We hope that we have practical policies 
and criteria but only time will tell. The manual was completed just 
over a year ago so we have not had much practical experience to date 
that we can share with you. Our staff have just barely got their 
feet wet in applying these policies and in dealing with consultants 
on the various computer models available. We have a long way to 
go yet. Storm water management is a rapidly advancing field at the 
present time so we will undoubtedly have to update the manual in the 
future in keeping with the latest techniques, information, and 
requirements. Oakville Town Council in September 1979 adopted the 
hew Storm Drainage Policies and Criteria as contained in the Manual 
for future use in Oakville and no changes are to be made to these 
policies without Council's approval. 

3fl, OBJECTIVES 

Our five objectives for urban storm drainage management in 
Oakville, quoted directly from the Manual, are as follows: 

1. Ensure that the constraints and opportunities 
associated with urban drainage are properly recognized 
and are integrated into the community plans and designs. 

2. Reduce, to acceptable levels, the potential risk of 
health hazards, loss of life and property damage from 
flooding. 

3. Reduce, to acceptable levels, the incidence of 
inconvenience caused by surface ponding and flooding. 

4. Ensure that any development is effected so as to 
minimize the impact of change to the ground water 
regime, increased pollution, increased erosion or 



increased sediment transport , especially during 
construction. 
5. Maintain the natural stream channel geometry, 

insofar as it is feasible while achieving the above 
objectives. 

til. MAIN POLICIES 

The main policies which we have adopted are in keeping with 
Provincial policy proposals and are: Major and Minor Systems, 
Planning for Storm Drainage, Master Drainage Plans, Control of 
Runoff, and Natural State of Watercourses. We will discuss these 
now in a general sense before returning to discuss some of the 
policies in more detail later. 

1 . Major and Minor Systems 

The urban drainage system is divided into two separate 
and distinct components called the "minor drainage system" 
and "the major drainage system". The minor drainage system 
comprises street gutters, catchbasins, and storm sewers and 
accommodates the runoff from the more frequent storms up to 
the design capacity of the system. It reduces the inconvenience 
to pedestrians, mororists, and residents due to runoff and as 
such is sometimes also called the "convenience system". The 
major drainage system comprises the natural streams and 
valleys and the man made channels and ponds. The streets also 
are components of the major drainage system during severe 
floods when they must transport the runoff in excess of the 
storm sewer system capacity (minor drainage system). The 
runoff in excess of the capacity of the minor drainage system 
is known as "overland flow". The streets must be designed 
in such a way as to transport overland flow along downgrades 
throughout its journey to the exits into the streams and 
channels without encountering sags. The major drainage system 
is the keystone to good urban drainage since it should 
accommodate the runoff from even the least frequent storms 
such as once in a hundred years and the Regional Storm. 
Properly designed and constructed, the major system will 
essentially eliminate the risk of loss of life and property 
damage due to flooding. The floodplains on those portions 
of creeks draining over 130 hectares (1/2 sq. mile) have 



been adequately protected in recent subdivisions by the 
Conservation Authorities. However, under our new policies 
providing for overland flow over our streets, buildings 
along these streets will now also be protected from storms 
up to once in one hundred years. This is an important 
improvement over our old system where there was no provision 
for overland flow and sags in streets were common. 

Planning for Storm Drainage 

(a) General Approach 

The general approach of the Town in planning new 
communities will be to integrate the needs for land use with 
its needs for drainage and in accordance with the 
regulations of the Conservation Authorities and the Provincial 
Ministries. Drainage needs must be recognized from the very 
start and not superimposed on a development after the layout 
has been approved. 

(b) Blue-Green Concept 

The Blue-Green Concept is the term commonly used to 
describe the integration of the open spaces provided by 
Hazard Lands, major drainage systems, stream valleys and 
parks into a continuous green belt that serves the dual 
purposes of recreation and water management. We have 
approved plans for the design of a pathway system, benches, 
and landscaping through or beside the creek valleys in one 
proposed community to date and will require similar 
integration where feasible, in all future ones. 

(c) Master Drainage Plans 

A Master Drainage Plan is a plan of watershed, or 
group of watersheds, that sets out the Municipality's 
intent. It is not part of the Official Plan but it will 
be used to guide development or redevelopment in that 
watershed. Eventually, we intend to prepare Master 
Drainage Plans for each watershed within the Town. The 
Master Drainage Plan delineates watersheds and floodplains, 
indicates constraints associated with water quality and 
quantity, indicates existing erosion or bank instability 
problems and their solutions, and indicates specific flood 
control and environmental requirements for the watershed. 
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The Town has completed one Master Drainage Plan to date and 

has commenced work on another, 
3. Control of Runoff 

(a) Runoff Quantity Control 

Urbanization increases the rate and amount of runoff from any 
given storm due to the increase in imperviousness. These cause 
higher flood levels and increased erosion. Therefore, the Town 
requires control over the quantity of urban runoff. The degree of 
quantity control will be determined by the Master Drainage Plan. 
Where a Master Drainage Plan is not yet prepared, no increase in 
post-development peak flow will be allowed over the corresponding 
pre-development peak flow for all levels of storms up to the 1/100 
year storm. In certain cases, development in the past has been 
allowed to encroach upon the watercourse downstream of the proposed 
development. The Town, in conjunction with the Conservation 
Authorities, has been working at reducing the incidence of potential 
property damage from flooding with such remedial measures as are 
practical and financially justifiable. With the future development 
of upstream communities, opportunities may become available to 
exercise over-control and thus alleviate the problem downstream 
with a preferred solution. 

(b) Runoff Quality Control 

The most noticeable degradation of water quality in the past 
has been during construction. The Town therefore requires developers, 
contractors, and builders to plan and execute their operations so 
as to minimize sediment and debris pickup and transport to water 
bodies. The degree of control and methods used must meet the 
regulations of the Conservation Authority as well as the Town. We 
recognize that there are certain positive features of the "wet pond" 
or retention pond, one of them being to provide a settling basin 
for sediment and certain pollutants in storm drainage and thus 
improve water quality downstream. However, we have concerns about 
other aspects of wet ponds, particularly the smaller ones (under 
2 hectares). While we do not rule them out, proponents of a wet 
pond will have to prove that it will be a benefit and an asset to 
the community, will create no health or safety hazard and can be 
maintained in an aesthetic condition. 
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4. Natural State of Ravines 

We consider our ravines to be valuable natural resources worthy 
of being preserved. It is our policy that major system watercourses 
and their valleys are to be left as much as possible in their natural 
state. Realignments, diversions, and deepenings from the natural 
state will not be permitted unless they can be proven to be necessary 
both to the Town and the Conservation Authority. All streams are to 
be named and their names posted on signboards at major road crossings. 

IV. POLICY DETAILS 

A. Major Drainage System 

(1) Hazard Lands and Floodlines 

The Conservation Authorities already have regulations 
governing the construction of buildings and structures within the 
floodplains of Regional Storms and governing the placement of fill 
in any area which may affect flooding, pollution, or conservation 
of land. These regulations, in practice, are only being applied to 
watercourses below the point where the watershed area being drained 
is 130 hectares. The Town requires that the floodplains that would 
result from the 1/25 year, 1/100 year, and Regional Storms be 
defined for pre-developed conditions and for post-developed conditions 
with control. This is to apply to the area to be developed as well 
as watercourses affected downstream of development. Where a 
natural watercourse or man-made channel is used as part of the 
major drainage system in a new development, irrespective of the 
drainage area, the Town requires that all land that would be inundated 
by the greater of the Regional Storm or 1/100 year storm floods 
be classified as Hazard Land. 

(2) Acceptability of Floodproof ing 

Floodlines of a Regional Storm on most Oakville watercourses 
will usually fall within tops of banks of a definite valley. Where 
this is not the case and the depth of flooding on the "flood fringe" 
due to a Regional Storm is less than one metre outside of the 
definite valley, the Town may consider an application for development. 
The developer would also require a permit from the Conservation 
Authority. Any development permitted would require floodproof ing 
and the proponent would have to demonstrate that the development 
would not suffer unacceptable damage and that it would not create 
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an environmental hazard. Day time parking may also be considered 
in the flood fringe under certain conditions. 

(3) Methods of Quantity Control of Runoff 
Runoff may be controlled in many ways such as: 

a) Discharging rainwater leaders onto grassed areas. 

b) Temporarily storing water on flat roofs and parking lots. 

c) Using grassed swales and ditches rather than pipes. 

d) Using roadside ditches where feasible. 

e) Storing water underground in tanks or superpipes and 
using a restricted outlet. 

f) Diverting overland flow into temporary detention 
ponds located in parks and highway interchanges 
with discharge limited to some predetermined rate. 

g) Constructing temporary detention storage facilities 
on the major system watercourse with discharge rates 
being controlled. 

The Town endorses the use of any or all of these methods for 
controlling the rate of runoff from a proposed new community or 
for redevelopment within the existing urban area. Rainwater leaders 
are to discharge onto grassed areas with splash pads on all medium 
and low density residential lots having frontages over 13.5 metres 
and with split drainage. With drainage all to the front and the 
distance between units at least 3.5 metres, this is also a 
requirement. Similarly, wherever possible on industrial and 
institutional lots, leaders are to discharge onto grassed areas. 
When this is done, the imperviousness of the roof surfaces can be 
neglected in calculating runoff. Temporarily storing water on 
rooms of industries and stores equipped with slow discharge roof 
hoppers can be effective providing you have the full cooperation 
of the private owners. You may require these controls under 
Section 35a of the Planning Act and you may enter into a Site Plan 
Agreement that the owners will maintain these adequately and not 
remove them. However, who is going to enforce these agreements 
over the years and how? When these controls are placed on private 
property you cannot count on them not being tampered with or removed 
sometime, either innocently or deliberately. Where there is a 
restricted flow pipe running from private property, where there is 
a considerable area involved, into the public storm sewer, it would 
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be advisable to have a manhole at the street line with a publicly 
owned line out to the storm sewer. 

We did not think it possible to revert back to roadside ditches 
in our new residential subdivisions but where possible in the future 
some of our arterial and collector streets with reverse frontage lots 
will be constructed using rural sections. Consideration will also 
be given to constructing some of our industrial streets in the future 
using rural sections. When a park is used for a temporary detention 
pond proper caution notices should be posted and maintained to ensure 
the safety of the park users. 

Detention ponds (dry ponds) located on watercourses seem to 
us to be one of the best methods of controlling runoff from new 
development. While they do not assist in minimizing increase in 
total volume due to urbanization, they are excellent devices to 
attenuate peak rates of runoff and release the water at or below 
pre-development rates. They are entirely under the ownership, 
control, and maintenance of the municipality so that their continuance 
as storm water management facilities as intended is insured. You 
will just have to make sure that your maintenance forces make no 
alterations to the dry pond or to the control structures without 
prior approval of the engineering section. Wherever possible, the 
dams and control structures for these ponds should be incorporated 
into a road crossing of the watercourse valley. Road crossings of 
these watercourses should be limited to arterial and collector 
roads. If the dam or combination road/dam will be topped by a less 
frequent flood, say from a Regional Storm, the surface should be 
protected by paving or interlocking stones to prevent washout . The 
outlet structure should be designed with ease of operation and 
maintenance in mind. It should be of the free-flow ungated type 
without valves or stoplogs. Inlets and outlets should be protected 
to prevent child access. 

4 . Methods of Quality Control of Runoff 

Urbanization of an agricultural area results in an increase 
in sediment and debris transport during construction but a reduction 
in sediment transport after the whole urban area is established. 
Nevertheless, the sediment and debris from an urban area is still 
undesirably high, particularly since it also contains other pollutants, 
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By using improved street cleaning techniques including vacuum equipment 

and more frequent catchbasin cleanings, the pollutant loading on the 
watercourses can be reduced. Reduction in the quantity of de-icing 
salt used in the winter on our street will also assist. The major 
problem remains that due to construction. The Town requires the proponent 
to submit an outline of his proposed erosion-sediment control plan with 
his initial servicing report. This may contain any or all of the 
following measures - sediment traps, straw bale weirs, temporary 
retention ponds, seeding of topsoil stock piles, berms around stock piles, 
vegetation screens, and sequential stripping of lands. Frequent 
inspection and any required maintenance and repairs to these control 
works throughout the course of construction is very important. 
5- Watercourse Erosion and Bank Instability 
We require the developer to identify areas of existing 
erosion or bank instability in the area he intends to develop and to 
propose his intended remedial measures to us for our consideration and 
approval. These proposed measures also require the approval of the 
Conservation Authority. Where an upstream development will cause 
significantly increased downstream erosion, we will require the developer 
to obviate further damage by appropriate remedial measures. Natural 
valley aesthetics as well as a sound technical solution must be 
considered in designing remedial erosion and bank instability works. 
A normal low water channel has a capacity of about the 1/5 year storm 
flood. Protection to this level is adequate to us provided that the 
channel bank is not coincident with a higher valley bank, in which 
case it may be necessary to protect the bank to a level as high as 
the flood resulting from the Regional Storm. 
B. Minor Drainage System 

1- Hydraulic Design Levels 

We require the system of street gutters, catchbasins, and 
storm sewers to be designed to accommodate the 1/5 year storm with 
the following two exceptions: 

a) Consideration will be given to using a 1/2 year 
storm in low to medium density residential 
development, if required to achieve a specified 
degree of quantity control for the community. 
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b) A 1/10 year storm will be used for downtown business 
areas and other high value conimercial development. 
In such cases, we may require some internal control 
in the form of roof storage, temporary storage on 
parking areas farthest away from the buildings or 
underground storage. 

It is imperative that the interception capacity of the 
catchbasins not exceed the design capacity of the storm 
sewers to prevent surcharging of the storm sewers. 
This can be achieved by varying the spacing of catch- 
basins and/or installing inlet control devices on them 
such as orifice plates. In this way, surcharge of the 
storm sewers will be prevented and basements will be 
adequately protected against backflow through the 
weepers. We have had no orifice plates required to 
date but some will be required in an upcoming subdivision 
Maintenance foremen and workers have to be clearly 
instructed not to remove any orifice plates or add 
additional catchbasins which could surcharge the 
storm sewers. Any suggested changes to the drainage 
system will have to be checked out first with the 
Engineering Section. 
2. Connection of Weepers 

Weepers is the term commonly used for weeping tile drains 
which are foundation drains. We connect weepers by gravity to the 
storm sewer system provided the elevation of the basement floor is 
at least 0.60 metres above the elevation of the storm sewer obvert 
at that point. For buildings located close to where the storm sewer 
discharges into the major system, there is the additional requirement 
that the basement floor elevation must be above the 1/100 year flood 
elevation at the discharge point. Where either or both of the above 
provisions are not met, we require that either a sump pump system be 
installed in the building or that the weepers be connected to a 
"third pipe", A backwater or check valve and a siphon break valve 
must be installed in the sump pump discharge line to prevent backflow 
into the basement. The "third pipe" is a relatively small diameter 
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pipe installed usually beside the sanitary sewer. The only connections 
to it are weepers. Its point of discharge to the major drainage 
system must be far enough downstream so that the basement floors it 
protects are above the 1/100 year floodwater level at the discharge 
point . 

3. Streets and Gutters 

The depth of flooding permitted on streets and at intersections 
during the 1/100 year storm are as follows: 

a) No building shall be inundated at the ground line, 
unless the building has been f loodproof ed. 

b) For all classes of roads, the depth of water over 
the gutter shall not exceed 0.45 metres (1.5 ft.). 

c) For arterial roads, the depth of water at the 
crown shall not exceed 0.15 metres. 

Flow across road intersections shall not be permitted for minor 
storms. To meet the criteria for major storm runoff, low points in 
roads cannot be permitted unless adequate provision is made for safe 
overland flow at the low points. 

4 . Reverse Driveways 

We strongly discourage the use of reverse driveways to new houses. 
If their use is proposed, the proponent must ensure that a suitable 
degree of flood protection is provided. Reverse driveway drainage 
facilities may not be connected by gravity to the storm sewer system 
unless it can be proven that surcharging by the sewer system during 
a 1/100 year storm will not cause them to flood. 

V. COMPUTATIONAL METHODS 

Our old friend, the Rational Method, has served well. However, 
we need a lot more information to design proper storm water management 
facilities now than the Rational Method is able to give us. It has 
major limitations in the crude representation of physical runoff 
distribution in time. It can still be used for the preliminary 
sizing of the minor drainage system and for the final sizing only for 
relatively small areas up to 25 hectares. Fortunately, the computer 
has come to our rescue to help us get the rest of the information we 
need. Various hydrologic models are available which can be used 
depending on the type of answer or information required. We require 
that the design of complex drainage facilities be based on sound use 
of hydrologic models by experienced water resources engineers. 
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VI. USE OF POLICIES IN EXISTING BUILT UP AREA 

As I said earlier, our new policies have only been in place for 
just over a year. In that time, not too much experience has been 
gained with their use. So far, however, it has not been too difficult 
to apply them in the design of the new communities. No houses have 
been built yet in a new community using these policies but work on 
one subdivision has commenced. It is going to be quite another thing, 
however, when it comes to using them in the existing built up area. 
Here we have small infilling developments, isolated projects, 
redevelopment in the older sections, street reconstruction, etc. Town 
Council in approving our new policies agreed that they should be used 
"to the extent possible" in the existing built up area. Therefore, 
we look at each development individually and see what, if anything, 
can realistically be done to provide storm water management. We must 
be very fair and realistic in this. In our own street reconstruction, 
we take a look at eliminating sags, if possible, or providing release 
points for overland flow in excess of the storm sewer design capacity. 
We have usually not been able to do much due to so many existing 
constraints. So we have also stuck with the 10 year design storm for 
any new storm sewers in these cases. We have required roof retention 
cna couple of industrial buildings due to the impervious area involved. 
We have specified that the average coefficient of runoff of another 
industrial complex not exceed 0.4. We have talked some people out 
of connecting rainwater leaders into storm sewers. When looking at 
each proposal, the first thing we ask ourselves is whether there are 
already any drainage problems in the area. If there are, our 
requirements will be different than if there aren't. Eventually, 
we will have Master Drainage Plans to guide us better in these areas. 
Until then, we will just have to do the best we can as problems 
and opportunities come along. 

Pressure continues as before for the piping and filling of 
small watercourses. Most of these watercourses are on private property, 
often through industrial property or in people's back yards. 
Unfortunately, we do not have adequate legislation to prevent this from 
taking place on private property. Sometimes the Town has an easement 
available for drainage purposes. Here also the private sector does 
not always share our concerns for storm water management and preservation 
of open watercourses and is able to convince Council that they should 

be filled for one reason or another. 
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VTI. SOME EXAMPLES OF OUR SWM POLICIES IN PRACTICE 

IN NEW COMMUNITIES . 

Figures A-1 to A-5 and Table A-1 are taken from the Master 
Drainage Plan which we completed last year. These indicate various 
things with regard to the Golf Course Creek which was only one of 
several creeks looked at in the Master Drainage Plan. Figure A-1 
shows an overview of the creek, gives culvert locations and areas 
of existing erosion. Table A-1 summarizes data about the various 
culverts including their current capacities. On Figure A-2 are 
plots of the peaks of the hydrographs for Golf Course Creek at Upper 
Middle Road for various storm return periods and for pre-development 
conditions, post-development uncontrolled conditions, and post-development 
controlled conditions. You will note the overcontrol that is being 
exercised here because of an existing flow constraint downstream. 
Figure A-3, the Golf Course Creek Drainage Plan, indicates the location 
and extent of the flow constraint downstream of the area to be developed, 
and suggested locations and sizes in acre-feet of three detention areas 
required. On Figure A-4 are suggested storage/discharge curves for 
Detention Areas 1 & 3. Figure A-5 shows possible control structures 
for Detention Areas 1 and 2. Flood plain mapping was prepared also 
and delivered to the Town. Figure A-6 is taken from the Secondary 
Plan prepared for the River Oaks Community. It indicates some of 
the features we spoke of earlier - that the ravine of Golf Course 
Creek is to be retained as open space, there is a pedestrian trail 
system planned along it, there are parks planned next to it, all part 
of the Blue-Green Concept. Also only arterial and collector roads 
cross it. Figure A-7 shows the drainage areas and direction of flow 
in the storm sewers in the proposed subdivision. Figure A-8 shows the 
major drainage system for the subdivision including the extent of 
the detention ponds along Golf Course Creek for the 100 year storm, and 
the overland flow routes along the streets. You will note that the 
small detention pond has been changed to a park on the west side of 
the creek. Fig. A-9 is one of the landscaping drawings of another 
subdivision and it indicates the facilities to be made for public use 
in one of the dry ponds. Fig. A-10 shows the control structure for 
this same dry pond and the section through the combined roadway/dam 
which is to be paved with interlocking blocks to prevent washout in 
the event of a Regional Storm, 
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PRACTICAL IMPLEMENTATION OF STORM WATER MANAGEMENT TECHNIQUES 
- IS IT A REALITY, A DAY-DREAM OR A NIGHTMARE? 

BY 
F.I. LORANT, P.ENG. 
Chief Water Resources Engineer 
M.M. Dillon Limited 



ABSTRACT 

The success in practical implementation of storm water management 
has not matched the recent advancements in planning , analysis and 
control of urban drainage*. 

Planning of storm water management must begin by preparing a 
Master Drainage Plan for all watersheds within the Municipality ^ 
backed by clearly enunciated policies and supported by the develop- 
ment industry and the public. Analysis of the rainfall-runoff 
process by computers is widespread but a careful selection of the 
most appropriate model is recommended. Control of runoff is a key 
element in storm water management ^ however, limiting runoff for 
the sake of control could result in unnecessary expenditures . 



Mr. Chairman, thank you for inviting me to address this group on a 
topic which I feel is perhaps the most neglected component of storm 
water management, namely practical implementation. In my opinion 
this seminar should have been organized some ten years ago when we 
still believed that the Rational Formula is rational, when detention 
was only practiced by the police, when SWMM was a sport and "zero 
increase" referred only to the money included in our January pay-slip 



Paper presented at the seminar on Practical Implementation of Storm 
Water Management, Toronto. October 1980. 



The original topic of my talk was on the development of municipal 
drainage policies with special emphasis on the Kitchener Urban 
Drainage Policy document prepared in 1979. However, in view of 
an earlier presentation this afternoon on the Oakville Urban Drainage 
Policy, a document which in many respects resembles very closely the 
Kitchner policies, I decided to use this opportunity to talk in 
general terms about storm water management, with occasional references 
to the Kitchener case. 

I fully realize that many of you are familiar with the topic, for 
those I will try to make it all sound new. For those who find storm 
water management new, I will try to make it sound familiar and for 
those who suffer from insomnia, I will show some slides. 

No matter which side of the fence you find yourself, the old 
traditional methods of dealing with urban drainage began to create 
increasing problems in the early 1970's. The limitations of these 
older drainage practices are summarized on Figure 1. 

A new approach evolved over the past decade a technique which is 
commonly referred to as Storm Water Management. Storm Water 
Management is the planning, analysis and control of urban drainage 
in order to minimize health hazards and property damages. Let us 
consider the practical implementation of these three aspects Of 
Storm Water Management. 

PLANNING 



Ideally, planning should begin with the preparation of a Master 
Drainage Plan for the whole community. Since the preparation of such 
a Plan can take several years, in most cases early application of 
storm water management proceeds without the existance of such a 
Master Drainage Plan. The major activities involved in the 



M.M. Dillon Limited, Uvban Drainaqe Poliay , City of Kitohencp, 
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preparation of a Master Drainage Plan is shown on Figure 2. The 
implementation of storm water management techniques without the 
existence of a Master Drainage Plan should be based on interim 
policies. These policies can be subsequently revised, if necessary, 
after the completion of the Master Drainage Plans, a method 
described in more detail further in this paper. 

The first step in the preparation of a Master Drainage Plan is the 
definition of Objectives. Figure 3 shows the Kitchener storm drain- 
age policy objectives. These objectives are followed by design 
criteria policies, which reflect the stated objectives, and should 
be general in nature. Figure 4 lists the Kitchener urban drainage 
pol i ci es , 



ANALYSIS 

The earliest method of analysis used for predicting peak flows, 
known as the Rational Method, worked well for over 80 years. With 
experience, engineers developed the knack for selecting runoff co- 
efficients which provided results they could live with. The 
diversity of runoff coefficients used across Canada is bewildering 
as shown on Figure 5. Frankly, I am not surprised with the result. 
If Canadians cannot agree on a simple issue such as the patriation 
of the Constitution, how can you expect them to agree on the 
selection of runoff coefficients? 

The introduction of hydrograph methods represented an improvement 
over the Rational Method, but the results were not always 
encouragi ng . 



Computer simulation of the rai nfal 1 -runoff process became fashionable 
in the early 1970's. In the beginning, every university and research 
group became convinced that it is their turn to bring out better, 
more sophisticated computer program to analyse urban drainage. 



With these new programs we produced a new generation of engineers who 
were raised on the computer. Some of these young engineers actually 
believe the numbers that come out initially from the computer. Some 
others merrily go along and design a small 10 inch diameter sewer 
with a monstrous program which may cost several hundred dollars to 
run. I suppose they believe that "what separates the men from the 
boys is the price he pays for his toys". 

Undoubtedly the computer age meant a great advancement in the field 
of storm water management, but we have to learn how to be more 
selective. Almost all the programs currently used require the input 
of a wide range of factors. If such data is not available and we 
have to guess all the input parameters, why not guess the answers 
as well ? 

During the past 5 years considerable effort is being concentrated on 
setting up data gathering stations to measure rainfall, runoff 
quantity and quality, temperature and other parameters necessary to 
calibrate the computer models. With calibration and subsequent 
verification we can achieve remarkable results in simulating urban 
runoff. Figure 6 shows an example of a data gathering system, 
recording synchronized rainfall, flow water quality and temperature. 
Unfortunately, at present, the results of water quality modelling 
are discouraging. 

I am convinced in the long run, computers will be able to predict 
with great accuracy, the quantity and quality of urban runoff* 
Eventually computers will achieve a level of sophi stacation which 
will create a situation where some of us will not be able to use our 
professional judgement. Perhaps just as well. 



Practical implementation of storm water management techniques requires 
some curtailment of acceptable computer programs used in submissions 
to approval agencies. On the one hand, the selection of a single 
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program may be inappropriate as it restricts the designer and hinders 
progress. On the other hand, the free selection of computer programs 
would make the approval process a nightmare. In Kitchener, the 
designer was given a choice of three methodologies: Rational method 
for a single pipe, SWMM or Illudas programs for more complex systems. 

The analysis of the rai nfal 1 -runoff process requires the selection of 
various design criteria. Design storms used in drainage projects 
range from a low rainfall event such as a 2-year storm to the 
infinitely large storm called Probable Maximum Storm, as shown on 
Fi gure 7 . 

The Kitchener Policy requires the designer, under the Major-Minor 
concept, to use the following criteria: 

i) The Major system must provide protection against flooding, 
equivalent to that provided by the flood plain criteria 
recommended by the Ministry of Natural Resources and endorsed 
by the Grand River Conservation Authority. 

ii) Minor systems should be designed for the level of convenience 
appropriate for the area being drained. Excessive costs due 
to over-design can be avoided as the Major system will provide 
protection against storms which exceed the capacity of the 
Minor system. 

The design storm frequency to be adopted for the planning and 
design of minor storm drainage facilities, shall be decided 
for each individual case, so that an optimum balance between 
protection and cost can be obtained. 



In the absence of an economic evaluation, a design storm 
frequency of 1 in 5 years shall generally be adopted for all 
1 and uses . 



For commercial areas, a design storm frequency of 1 in 10 years 
Shall be considered to further reduce the inconvenience. Surcharge 
in the downstream areas due to the higher runoff from the commercial 
area must be avoided. This can be achieved by providing storage 
faci 1 i ties . 

Proposals for redevel opment in flood plain areas will be assessed on 
an individual basis. 



CONTROL 

Control of urban runoff is the most complex and misunderstood part 
of storm water management. Any change in land use will affect the 
runoff. Urbanization results in increased peak flows; if left un- 
controlled, this increase can create flooding and erosion problems 
downstream. The most commonly used control methods are listed in 
Figure 8^ 

The extent of control should be dictated by downstream constraints. 
Control of runoff could not be equally affective for all sizes of 
floods for technical reasons, therefore, the selection of control 
flood is an important engineering and economic exercise. 

To indicate the effect of detention on peak runoff, flows generated 
in a 60 acre subdivision have been computed and presented in 
Figure 9. Development of the subdivision results in a marked in- 
crease in peak flows. Selecting a five year predevel opment flow 
for control, the effect of the pond is diminished as the runoff is 
increased. For example, in the case of the 100-year post-develop- 
ment flow, the effect of a detention pond designed to control a 
5-year flow is negligible. 

Control can also be beneficial in improving the water quality of 
urban runoff during and after construction. Figure 10 illustrates 
the recent results obtained from data collected in Winnipeg 
detention ponds. 
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The introduction of storage ponds can raise a number of questions 
which have to be considered at an early stage of planning. Figure 
11 lists the legal, environmental, safety, political and maintenance 
"problems related to storage encountered in the past. 

In many instances, when applying control of storm water the tendancy 
is to neglect defining the objectives. This could result in a set 
of overly specific and rigid criteria for designing the storm water 
management system. These rules are applied, often regardless of 
the suitability and the needs of a particular area. 

In Kitchener, the policies require that the peak runoff rates from 
areas of new development shall be controlled where downstream con- 
straints are evident. These constraints will be determined in the 
Master Drainage Plan. Until the completion of such a plan, post- 
development flows from a 100-year return frequency storm shall not 
exceed the predevel opment runoff for the same storm in the major 
system. 

In undeveloped watersheds the increase in runoff due to future 
development would not cause flooding constraints downstream. 
However, any future development must conform to the flood line 
criteria outlined in the policy. The control of more frequently 
occuring floods, such as the 2 or 5-year floods, which cause most 
of the erosion damage should be considered. Consequently, in un- 
developed watersheds, until the completion of the Master Drainage 
Plan, post-development flows from the 5-year return frequency storm, 
shall not exceed predevel opment runoff for the same storm in the 
major system. Outlet control at the storage facility to achieve 
this condition should ensure that the post-development flows from 
less frequent storms, between 5 and 25-year frequency events are 
al so reduced . 



Where downstream constraints exist in the minor system, until the 
completion of the Master Drainage Plan, post-development runoff 



from a 5-year return frequency storm shall not exceed the flows for 
predevel opment conditions for the same storm. 

APPROVAL PROCESS 

Perhaps the main reason why implementation of storm water management 
is lagging behind the theoretical advancements made during this 
decade is the complex approval process which involves numerous prov- 
incial, regional, and local government as well as Conservation 
Authority staff. Figure 12 shows a schematic diagram of this complex 
set up. 

I hope the Urban Drainage Implementation Committee to be formed in 
the near future will consider the alternative of simplifying the 
exist ingapprovalprocess. 

The major component in the development approval process in Ontario 
comes from municipal governments. The constant changes by these 
governments result in more sophisticated designs, higher servicing 
standards which require an ever increasing time for approvals and, 
according to developers, in an ever increasing housing costs. 
These changes come about due to the effort by the municipalities to 
keep up with technical innovations, to follow provincial guidelines 
or to react to public pressure. Each new set of criteria or stand- 
ards may seem logical in isolation, but the cumulative effect of 
the old and new standards make many consultants confused and many 
developers worried. 

Experience has shown that where the local municipality and the 
provincial approving agency had a clearly enunciated program with 
the necessary political commitment, storm water management had the 
backing of both the development industry and the public. 



However, administrators, especially at the municipal level, must 
recognize and understand that the new storm water management 
policies will affect not only the engineering, but planning, parks 
and recreation, and legal department operations. Politicians must 



also be involved at the early stages. How can we expect political 
lay persons to make responsible decisions without adequately 
explaining to them the reason for this significant new approach in 
urban drainage? 

Developers must recognize that urbanization affects the quantity and 
quality of runoff. In most cases, some type of control of runoff is 
necessary in order to avoid flooding, erosion and deterioration of 
water quality at the downstream communities. The cost of design 
and construction of urban drainage using storm water management 
techniques may be higher than the old conventional methods, but only 
in the short-term. The long-term benefits derived by the local 
environment will outweigh the short-term costs. 

In parting, I would like to emphasize that urban drainage, just as 
everything else in our modern life, is extremely complex. So, 
instead of the audacity of some of the experts who guarantee instant 
solutions by the new emerging technology in the field of urban 
drainage, I am more inclined towards humility by recognizing the 
challenge we engineers have to face. I sincerely hope practical 
implementation of storm water management will not permit what in 
the past was called "An Act of God" to turn out to be "An Act of 
Criminal Negligence". 



Thank you. 
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FIQURE 1 

LIMITATIONS OF CONVENTIONAL DRAINAGE PRACTICES 

1. Rapidly escalating expenditures. 

2. Too many agencies involved, unnecessary delays. 

3. Flooding overland or through surcharged connection due to storms 
greater than the sewer design storm. 

4. Pollutants from the urban area are washed into the receiving 
stream. 

5. Increased runoff from new development. 

6. Depletion of ground water. 

7. Inadequate design tools (rational method). 

8. Loss of recreational and aesthetic potential along some 
watercourses. 
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MAfN ACTIVITIES OF A MASTER DRAINAGE PLAN 
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EVALUATION OF ALTERNATIVES 

(MODELLING) 
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FIGURE 3 



STORM DRAINAGE POLICY OBJECTIVES - CITY OF KITCHENER 



1 . PREVENT LOSS OF LIFE AND MINIMIZE PROPERTY DAMAGE. 

2. ELIMINATE OR REDUCE TO THE MINIMUM , SURFACE PONDING AND FLOODING 
CAUSING INCONVENIENCE. 

3. MINIMIZE THE EFFECT OF DEVELOPMENT ON RECEIVING WATERCOURSES AND 
ON LOCAL GROUND WATER. 

4. AVOID FLOODING AND EROSION DOWNSTREAM OF THE DEVELOPMENT. 

5. MINIMIZE POLLUTION OF WATERCOURSES DUE TO DEVELOPMENTS. 

6. ELIMINATE ADVERSE EFFECTS OF CONSTRUCTION ACTIVITIES ON 
RECEIVING WATERCOURSES. 

7. MINIMIZE THE TOTAL COST OF THE DRAINAGE SYSTEM AND RELATED WORKS 
BY USING THE LATEST PROVEN DESIGN AND CONSTRUCTION TECHNIQUES. 



FIGURE 4 

STORM DRAINAGE POLICIES FOR THE CITY OF KITCHENER 

1, storm drainage systems shall be designed using the 
major-minor concept. 

2. New subdivisions shall consider the effects of the 
proposed development on the existing drainage regime 
and if necessary, carry out mitigative measures, as 
requi red . 

1* Subdivision proposals shall include erosion and 
sediment control measures. 

4. The municipality shall develop a Master Drainage 
Plan for the City of Kitchener. 
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CURRENT ALARM RELAY activates 
pump and automatic sampler 

DIFFERENTIAL PRESSURE TRANSMITTER 
■J' measures difference in pressure between 
compressed air outlet and atmosphere 



STEVENSON SCREEN houses 
a resistance thermometer bolb 



tipping bucket 
PRECIPITATION GAUGE 





PRINT OUT RECORDER stamps the 
date and time for each tip of the 
precipitation bucket 




TWO PEN STRIP CHART RECORDER records: 

information from the differential pressure transmitter 
(head of water at compressed air outlet) 

air temperature as measured by the resistance 
thermometer bulb 
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DESIGN CRITERIA FOR FLOOD COMPUTATIONS 



TYPE OF PROJECT 

Flood Plain 
Regulations 



Dams 



Highway Bridge or 
Culvert Opening 



Storm Drainage 



Agricultural 
Drainage 



Ponds 



DESCRIPTION 

Most Provinces 
Northern Ontario 
Southern Ontario 

Possible loss of life 
No loss of 1 ife 

Major Freeway 
Urban 2 lanes 
Secondary Highways 
Township Roads 

Open watercourses in 
heavily built up areas 

Retention or detention 
ponds 

Storm drainage in 
closed conduits 

Airport 

Terraces and diversion 
channels 

Waterways 

Structures 

Storage 
Spillway 



DESIGN CRITERION 

100 yr. flood 
Timmins Storm 
Hurricane Hazel 

Probable maximum flood 
Regional Storm 

100 yr. flood 
50 yr. flood 
25-50 yr. flood 
25 yr. flood 

100 yr. flood 

5-100 yr. flood 

2-10 yr. flood 

2-10 yr. flood 
10 yr. flood 

10 yr. flood 
25 yr. flood 

2-5 yr. flood 
25-100 yr. flood 
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RUNOFF CONTROL MEASURES 



1. On-site storage on roof and parking lot. 

2. Temporary detention ponds (dry ponds). 

3. Retention ponds (wet ponds). 

4. Reduced imperviousness (disconnection of roof leaders). 

5. Slower conveyance facilities (grassed swales). 

6. Increased infiltration i.e. porous pavement or recharge ponds. 



FIGURE 9 



RESULT OF FLOOD CONTROL IN A 
24.3 HECTARE (60 Acre) SUBDIVISION 



RETURN PERIOD OF STORM-YEARS 

DRAINAGE AREA CONDITION 5 10 25 50 100 

1. Existing-undeveloped 9 15 24 32 41 

.25 .42 .68 .91 1.16 

2. Developed without 

control 33 66 79 99 111 

.93 1,8? 2.23 2.80 3.14 

3. Developed with 

1 in 5-year control 9 31 70 93 110 

.25 .88 1.98 2.63 3.11 

NOTE: Estimated peak flows in cfs. 

Estimated peak flows in cubic 
metve per second 
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RETENTION POND STORM WATER QUALITY IN mg/l 

(Data observed in Winnipeg) 
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PROBLEMS RELATED TO STORAGE 



Legal 



•Can developers be required to use part of their land for storage? 

•If reimbursed, should market values be used for land values? 

•Can developers be expected to pay part or total cost of storage 
facilities? 

•Can developers be required to store runoff from outside areas? 
•Can developers be forced to maintain storage facilities? 
•Who is liable for future upgrading? 
•In case of flood damage, who is liable? 



Environmental 



• Al gae , Weed 

• Hosqui toes 
•Pol 1 uti on 

• Debri s 

• Sediment 



Safety 



•Fencing or no fencing, attractive nuisance 



Political 



•Design criteria for sewers, storage facilities and outlet structure 
Too many agencies involved. 



Maintenance 



•storage Ponds 

•Roof Top 
•Car Park 



Public responsibility? 
Landowners responsibility? 
Land owners responsibility? 



Public acceptance ? 
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DEVELOPMENT OF MUNICIPAL DRAINAGE POLICIES 
IN THE TOWN OF MARKHAM 



By: Brian Wigglesworth 



Presentation To The Seminar 

On Practical Implementation Of 

Storm Water Management Technique 



STORM WATER MANAGEMENT 



In 1977 The Council of the Town of Markham adopted a policy 
whereby all future subdivisions are to be designed using storm 
water management. This new policy has had a profound effect 
on the new parks that are being developed in the Town, and 
there are some long range implications that are evident at 
this time. 

At the outset, I must state that I agree with the basic 
principle of using storm water management, in that we are able 
to minimize environmental impacts of new subdivision develop- 
ment. The new policy enables us to blend the new, with the old 
in a pleasing and practical manner. 

What I hope to impart to you today, is a brief outline of some 
initial concerns, problem areas and benefits derived in 
Markham over the past 3 years. 

The design of storm water management systems has resulted in 
the parks being perhaps the most important aspects of the 
system. Since 1977 we have had 9 projects designed with 3 
having been installed and maintained for at least one year; 3 
having been completed recently this year and 3 are under con- 
struction at the present time. 

Six of the above utilize the park areas for dry pond purposes; 
two are ponds with water in them year round; and one(l) is 
used as a dry pond in combination with an underground "super 
pipe" for storm water storage, 
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Initial Concerns 

Although we were briefed on the engineering details of this 
new approach, we had some initial concerns that have been 
realized in varying degrees. 

My prime concern was the possibility of not being able to 
use the parks because of lingering wet ground conditions. 
This appeared to be a natural concern considering that 
the parks were to be used for "storm water retention". 
Generally speaking we have not experienced this problem, 
and 1980 was a very wet year as you will recall. One 
isolated problem did occur, but with a small redesign, 
this can easily be solved. 

We have maintained 2 parks for one complete year and have 
experienced no use problems, other than what we normally 
would have. I still reserve judgement on a long term 
basis, however, it would appear that this concern will 
not be a problem. 

- Increased maintenance costs were a concern at the start, 
which have not yet become a reality. It is difficult to 
prove, or disprove, that costs are more, or less, than 
they would have been, however, we have not yet experienc- 
ed any increased costs in looking after the new park 
areas. 

•« Concern with having "outsiders" having a say in the 
design of new parks. In the past, we have designed our 
parks from "the parks" point of view. Now we had people 
whose prime concern was not "parks" but "drainage" having 
a say in our parks, and to make matters worse, these 
people were "Engineers". 
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This initial concern has been borne out to a certain 
relatively small extent, and I shall outline it later in 
my comments. 



Conccern that if some park acreage was taken up for storm 
water management, we would not have enough for parks 
purposes. This has happened once, and it could be argued 
that it was not entirely the fault of storm water manage- 
ment. 



Benefits 



Contribute to a better overall method of dealing with 
storm water in a manner that is less harmful to the 
env ironment. 

I assume that it is a cheeper method vs traditional storm 
sewers and any cost savings should result in cheaper 
hous ing. 

Less reluctance on behalf of developers to pay for parks 
development. We are now getting our parks totally 
developed and this would have taken us several more years 
to achieve without the impetus of the storm water manage- 
ment. 

Increased amount of open space, in some cases, e.g. pond 
areas which would not have been developed without storm 
water management. Any increase in developed open space 
is an asset to the community. 

Better planning is a reality that has occurred because 
all of our parks have to be totally planned at the out- 
set, because the grading of the subdivision is done very 
early in the development process. We are now forced to 
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plan our parks down to the last detail. Some would say 
that this might pose problems because once planned it 
will be difficult to change in the future, but I feel 
that this detailed planning is a benefit. 



PROBLEMS 

Park Design and Priorities 

At times it appears that some of the consultants designing the 
storm water system, feel that they are designing a storm water 
system that may have the side benefit of having some parks 
use, if there is any land left over. Form my point of view, 
what we are designing is a park that will have the side bene- 
fit of some storm water management purpose, and that in many 
cases this can be done to everyone's advantage. 

Obviously, firm positions as to parks vs storm water will not 
result in the best possible design or, in the long run, the 
best service to our residents (and we must remember that our 
only reason for being in this business is to serve the resi- 
dents of our communities). 

To achieve the best results, it is important that both purpos- 
es be planned together, but, since the land is parkland I do 
not feel that it is unreasonable to expect that the #1 con- 
sideration must be the parks' function. 



Maintenance Costs 

With storm water management, parks maintenance budgets will 
increase. This increase is not so much with any extra costs 
of looking after specific park areas, but rather with the 
extra areas that we have inherited. For example, the land- 
scaping of the 2 ponds that we now have, would not have been 
there were it not for storm water management' and yet the 
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maintenance of same is considered to be a parks costs, and not 
a storm water facility cost. All of this is fine, as long as 
it is realized that some of the increased parks budgets are as 
a result of the storm water management programs. This may 
seem obvious now, but these things tend to be forgotten over 
the years, and I would hate to see operating funds jeopardized 
for this important "soft service", as a result of increases in 
the "hard service" area. This "problem" might be one more of 
attitude and priority rather than an actual financial one. 

These two problems are not major ones as both can and have 
been resolved fairly easily once they are identified. We are 
experiencing one problem that is of an ongoing concern. 



Quality of Parks Installation 

Our only real problem has arisen in the area of the quality of 
the fine grading and sodding of some (and I stress some) park 
areas. We insist that all park areas be sodded and unfortuna- 
tely we have received some very poor jobs. It is hard to 
understand how everything else in the subdivision is very well 
done, and yet the last thing, and in many cases the most 
visible asset in the area, is done in a shoddy and unaccept- 
able manner. The only reason I can come up with is that some 
people do not consider this to be important, or else more ca^re 
would be taken. 

Because we have final approval of the park, we can and do 
insist that this be done properly, but it would be so much 
easier, and less costly if a little more care were taken to do 
it right in the first place. We have ended up getting a proper 
job, and we ' have found that you certainly do get paid atten- 
tion to when you refuse to accept 5 or 6 acres of sod that has 
just been laid. 
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We have had some excellent work done in the parks, but it has 
been enough of a problem, that it had to be mentioned. 

In sununary, our experience to date enables me to state that 
the use of parkland for storm water management purposes does 
work and is of a mutual benefit to all concerned. Some prob- 
lems and long range concerns do exist, however, none of them 
appear to be so serious that they cannot be overcome by proper 
attiudes, planning and execution. 



. 1 
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DESIGN CASES: HYDROGRAPHS AND SIZING OF 
STORM WATER DETENTION FACILITIES 



R. BISHOP 

Senior Project Engineer, Water Resources 
Marshall Macklin Monaghan Limited 

and 

B.M. COSBURN 

Project Director, Water Resources 
Marshall Macklin Monaghan Limited 



ABSTRACT 

By way of introduction, the need for runoff control and the applicable 
criteria are reviewed. The need for hydrograph based techniques, rather 
than the traditional Rational Method approach, is examined. Selection 
of a design storm input for such techniques is briefly discussed. A 
number of methods and models suitable for obtaining pre and post-develop- 
ment hydrographs are presented by means of example of actual applications. 

The principle of attenuating flows by use of storage is briefly reviewed. 
Techniques of sizing storage in both planning and design stages are examined, 
Design constraints which affect required storage volume are discussed. A 
number of examples of storm water detention facilities which have been 
constructed are presented to illustrate the above techniques and constraints, 
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INTRODUCTION 



Before examining techniques for obtaining hydrographs and storage volumes 
for storm water detention facilities it is beneficial to review a number 
of basic questions such as: 

"Why do we need runoff control?" 

"What criteria should we use?" 

"Why do we need a hydrograph based method?" 

Why Runoff Control ? 

In the past 20 years there has developed a considerably improved under- 
standing of the urban hydrologic process and the effects of urbanization 
on water resources. It has been demonstrated that increases in 
imperviousness, improved drainage networks and loss of storage all lead 
to increased runoff rates and volumes. As Figure 1 illustrates, runoff 
volumes can increase as much as 10 to 20 times. Similarly, velocities 
of overland flow can increase up to 10 times, Figure 2. This has the effect 
of increasing peak flows by as much as 10 times and also reducing the time 
to peak flow as indicated in Figure 3. 

Without any form of runoff control increased flow can lead to downstream 
flooding requiring remedial flood protection works and culvert replacements. 
Existing storm or combined sewer systems nay become overloaded requiring relief 
measures to be carried out. Even in the absence of flood related problems, 
severe difficulties can arise with respect to erosion of downstream channels. 
As Figure 4 {Leopold, 1968) illustrates, flows which prior to development 
only occurred once every two years may occur as often as once ewery two months 
after development of an area. Clearly the potential for transport of sediment 
is vastly increased. In situations where the bank material is susceptible to 
erosion this can lead to loss of property, silting of reservoirs or channels, 
destruction of aquatic habitats and the need for costly erosion protection 
works. 

In view of these potential costs it has been recognized as appropriate 
(M.O.E., 1977) that measures should be taken to minimize increased 
flows due to urban development. 



What Criteria Should Be Adopted for Runoff Control ? 

Having recognized that runoff control is desirable the first step in any 
practical application is to determine what criteria are appropriate. Two 
factors are involved; the size, i.e. return period of the event to be 
controlled and the degree to which control will be applied. Although both are 
in fact site and problem specific, general guidelines are frequently applied. 
Since it is impractical to set individual criteria for each development a 
regional guideline based on some form of master drainage planning is probably 
the best solution* 

A good example of this approach is that adopted by the Metropolitan Toronto and 
Region Conservation Authority (MTRCA, 1980a). Flood vulnerable areas within 
the watersheds under their jurisdiction were identified (MTRCA, 1980b). For 
all remaining areas the main concern was therefore erosion control. Hence a 
policy of controlling runoff for the 2 year return period was adopted. This 
avoids the considerable extra expense of controlling greater flows, say the 
100 year event, in areas where this would have little or no benefit. 

With respect to the second factor, the degree of control which should be 
applied, it has become general practice to adopt a policy of "zero runoff 
increase". This implies that the peak flow after development should be the 
same as that for pre-development conditions. It has been argued that the 
degree of control should be on a case by case or on a percentage of post- 
development flow basis. It would seem, however, that unless a deviation from 
the "zero increase" policy is justified by a detailed study of the particular 
situation it remains the most reasonable criteria. 

Why Are Hydrograph Based Methods Necessary ? 

The traditional method of designing urban drainage in North America has been 
the Rational Method. This simple technique gives estimates of peak flows based 
on drainage area, rainfall intensity and an empirical runoff coefficient. This 
is not, however, adequate for designing runoff detention facilities since, in 
general, storage in some form is used to reduce peak flows. This is a case of 
the classical "flood routing" problem. In order to estimate outflows from 
storage an inflow hydrograph, i.e. a trace of the variation of inflow rates with 
time is required. 



Another factor which dictates the need for a hydrograph based method is the 
requirement for information on the timing of flows within any watershed 
system. For example, it is entirely possible that runoff control in a 
downstream area of a watershed or sewer system may be ineffective if the 
peak flow in the downstream area is delayed sufficiently that it becomes 
coincident with the peak from upstream areas. The only method of examining 
such a situation is to compare hydrographs indicating the timing of the flows 
from each area. 

HYDROGRAPH COMPUTATIO N METHODS 

In response to the need for hydrographs of urban runoff and in light of the 
scarcity of actual flow data in such situations a large number of techniques 
have been developed for estimating urban runoff. The choice of a particular 
technique or computer model should be dictated by the type of problem being 
examined. However, the general approach will be relatively similar and this 
will be briefly described. Two specific computer models will then be briefly 
discussed in the context of an application which has resulted in the construction 
of a storm water detention facility. 

In its most general form the derivation of a runoff hydrograph consists of the 
transformation of an input "design" rainfall into an "effective" precipitation 
by subtracting infiltration and surface storage losses. This "effective" 
precipitation is then routed overland or through a sewer system to produce a 
hydrograph at the point of interest. 

The first problem in this process is to select the "design" rainfall. This 
choice is critical since it has been demonstrated (IMPSWM, 1979) that different 
assumptions can lead to '^ery different flow estimates for a given system. As 
Figure 5 indicates, two commonly used distributions i.e. the SCS Type II (S.C.S., 
1975) and the "Chicago" storm (Kiefer and Chu, 1957) have very different patterns. 
The peak intensities for the two "5 Year Storms" are 2.7 and 4.5 inches per hour 
respectively. Various attempts have been made to determine the most suitable 
"design" storm but as yet no definitive guidelines exist and experience is required 
in this selection. 



The next phase in the process is to collect sufficient background information 
from which to calculate parameters required for the selected hydrograph method. 
Typical requirements are topographic maps of the area and drainage paths before 
development, soils and land use information before development and grading and 
sewer plans (if available) after development. The required parameters are usually 
of two types; those relating to "losses" such as SCS Curve Numbers (SCS, 1972) 
or Morton's infiltration parameters (Norton, 1940) and those relating to timing 
such as time of concentration or basin lag time. For a simple manual technique 
such as that described in the SCS TR55 manual (S.C.S., 1975) these parameters 
are used in a series of charts and tables to obtain approximate hydrographs. For 
more complex computer based techniques these parameters together with a description 
of the physical system are used to simulate the rainfall -runoff response of the 

A typical example which illustrates the use of the computer models SWMM (Huber 
et al., 1975) and HYMO (William and Hann, 1973) is the Markville development in 
the Town of Markham. The development will consist of 180 acres of residential and 
commercial land use. The criteria applicable in this particular case was control 
to pre-development levels of flows up to and including that from the 100 year 
storm. Figure 6 shows the drainage basin, the sewer system, overland flow paths 
and the schematization of the area used in the modelling. 

Pre-development hydrographs for the area were obtained using the HYMO model 
developed by the U.S. Department of Agriculture. It is based on the SCS runoff 
volume estimating technique in which tables have been developed relating soil 
type and land use to runoff potential as expressed by a Runoff Curvs Number (CN). 
For the Markville area a pre-development CN of 79 was estimated. This is 
relatively high giving about 30% runoff from a 2 year rainfall. The drainage area 
was divided into a number of sub-areas and the parameters of the unit hydrograph 
for each area estimated from empirical equations included with the model. The 
resulting hydrograph with a peak flow of 16 cfs for a 2 year storm is shown in 
Figure 7. 

In common with many such applications details of the storm drainage system after 
development were not available at the start of this study. Initially therefore a 
sewer system was designed using the Rational Method. Since this provides only 
peak flow estimates at any point the developed area was then modelled using the 
U.S. E.P.A. Model SWMM. This model has gained wide acceptance as a tool for 
simulating the behaviour of urban drainage systems. The drainage area is divided 
into sub-areas and a mathematical representation is prepared for each using 
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parameters such as area, imperviousness, surface roughness and slope. Using 
the Horton's infiltration equation and the kinematic wave approximation to 
overland flow, hydrographs are computed from the input design storms. In the 
past-development condition it was estimated that the volume of runoff from a 
2 year storm would increase to about 55% of the rainfall. Combined with a 
greatly reduced time of concentration this results in a peak flow of 140 cfs 
and a hydrograph as shown in Figure 7. This is almost an 800X increase from 
the estimated pre-development flow. 

CONTROL OF STORM RUNOFF USING STORAGE 

The use of storage in controlling flood flows on rivers is a long accepted and 
widely practiced technique. Its application in storm water management on a 
more local scale is more recent. The classical techniques of reservoir routing 
can be applied in the analysis of such applications. 

The effect of storage is to attenuate the incoming flood wave, i.e. to reduce 
and delay the peak flow. 

In the storm water management situation two types of storage facilities i.e. 
on-line and off-line are applicable. In the former case all flows are directed 
to the unit and are controlled by some form of outlet structure. There will 
normally be a permanent pool of water in such a facility. In the latter case 
storage is only utilized above some threshold flow level. Inflow may be 
controlled by a side weir or may only operate when the storm sewer system 
reaches some surcharge level. The facility will only contain water during and 
after severe rainfalls and will normally be dry. 

Three methods of determining the required volume of storage may be applicable. 
Two of these techniques, namely empirical formulae or charts and the graphical 
technique, are useful in the planning stage when an approximate volume is 
required. The third technique i.e. reservoir flood routing should be used during 
the conceptual design stage to fully examine the implications of all design 
conditions and constraints. 



Empirical formulae or charts 

A number of authors have presented formulae or design charts from which 
approximate storage volumes can be derived knowing the characteristics of the 
inflow hydrograph. One such chart is presented in the SCS Manual TR55 
(SCS, 1975) assuming average characteristics for typical outlet structures. 
A useful formula was presented by Wycoff and Singh (1976): 

*S 1.291 (1- Qo/Qi)°-^^-^ 



Vr (Tp/TB)^-^11 

Where fs = volume of storage required 

if = volume of runoff estimated 

HS: = desired peak outflow 

^1 - estimated peak inflow 

Tp = time to peak of inflow hydrograph 

T| = base time of the inflow hydrograph, 

estimated as from the beginning of the 
rise of the hydrograph to a point on the 
recession limb at which the flow is 5% 
of the peak flow. 

This formula has proved to be quite accurate provided certain restrictions 
outlined in the original paper with regard to the ratios Tp:!^ and Qo:Qi are 
respected. 

Graphical Approach 

An estimate of storage volume can be obtained by plotting the inflow hydrograph 
and measuring the area between this curve and an assumed outflow hydrograph. 
For an off-line unit a horizontal line at the desired peak outflow may suffice. 
For an on-line storage unit, an additional amount of say 20 percent can be 
added to allow for the true shape of the outflow hydrograph rising limb. 
Alternatively a linear flow increase from zero to the desired peak outflow may 
be assumed. From reservoir routing theory it is known that the peak outflow 
must be located on the recession limb of the inflow hydrograph. 
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Reservoir Flood Routing 

It is emphasized that the above methods provide only an approximate method of 
determining storage volume. In order to determine a final volume the inflow 
hydrograph should be routed through the storage using actual stage-discharge 
and stage-storage curves. Any constraints, such as restrictions in side-slopes, 
will be reflected in these curves. This may lead to less than an optimum stage- 
storage curve and result in a greater total storage requirement than a preliminary 
estimate may have indicated. 

Reservoir routing is based on the equation of continuity^ 

I - = S/ t 

Where I = inflow rate 
,©; = outflow rate 
and s/ t = rate of change of storage. 

This can be rearranged and expressed in finite differences as, 

- ( Si Oi ) ( S2 02 ) 

I+{ )=(— + —) 

( t 2 ) ( t 2 ) 

Where I is the average inflow in a time step 

and subscripts 1 and 2 refer to the start and end of the time step. 

These equations can be expressed graphically for a given case and manual routing 
of the inflow hydrograph can be performed. Alternatively a programmable calculator 
or a computerized version such as in the program HYMO can be used. Whichever 
method is adopted it is necessary to assume a stage-discharge and stage-storage 
curve for the facility. If after the routing has been performed the desired 
outflow peak has not been met then adjustments must be made to these curves and 
the procedure repeated. Figure 7 illustrates a typical relationship between an 
inflow hydrograph and a routed outflow. 



Design Examples 

A number of storm water detention facilities have recently been installed in 

Canada. Examples in the Toronto area will be discussed to illustrate a number 

of constraints which should be considered in selection of the final design 
storage volume. 

Flows from the MarkviUe development discussed earlier were controlled by 
installation of an on-line "wet" pond with a storage volume of about 11 acre- 
ft. The surface area is between 4 and 5 acres. {See Plate 1) It is designed 
to control all flows up to the 100 year event effecting a reduction in peak 
outflow from 400 cfs to 155 cfs for that event. In this case a relatively 
simple outflow structure consisting of a rectangular notch weir (See Plate 
2) was sufficient to provide the desired storage-discharge curve shown in 
Figure 8. It is also interesting to note that the storage pond was located 
within the floodplain of the receiving stream on land which could not be 
developed for other purposes. (See Plate 3) 

A facility to be located in the L'Amo reaux Steeles district park in the Borough 
of Scarborough illustrates two points. This planned "wet" facility will control 
runoff from approximately 1040 acres of development for storms up to and 
including the 100 year event. Initial estimates indicated a required storage 
of 46 acre-feet. However, because of the need for considerable storage at low 
stages in order to control more frequent flows such as the 5 year return period, 
the storage-discharge curve is not optimal for the 100 year event. In addition, 
the facility will consist of 3 cascading storage units. As has been noted by 
previous authors (Wycoff and Singh), 1976) this is less efficient than a single 
unit. This has resulted in a final design storage requirement in the order of 65 
acre-feet, almost a 50 percent increase over the "ideal" case. 

The need to obtain considerable storage at low stages for control of fairly 
frequent flows while also providing for control of less frequent flows has 
led to the design of several unique outlet works. In one example (See Plate 4) 
^^ ^^^ ::Can ada Wonderland" Theme Park a 9 acre pond with a storage of almost 
50 acre-feet has a storage-discharge curve shown in Figure 9. Low flows are 
passed through a culvert to maintain riparian flow. Flows up to the 100 year 
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event are passed through an inverted triangular V-notch. At this point there 
is a horizontal overflow wier which will safely pass flows up to the Regional 
Storm. (See Plate 5} An outlet with variable geometry at several elevations 
also controls the facility located in Northeast Markh am. (See Plate 6) 

Two examples of dry detention facilities are located in the northwest part 
of the Borough of Scarborough . These units are designed to protect the sewer 
system from excessive surcharging. Inflow occurs when flow in the sewer is 
above a certain depth at which time a side flow weir comes into operation. 
(See Plate 7) In one case the facility is incorporated into an attractive 
local park. (See Plate 8) In the other example the facility is located in 
a Hydro easement and utilizes land which could not be developed for any 
other purpose. (See Plate 9) 

The final example is of a total storm water management system installed and 
operating in the Risebrough developments in the Town of Markham. In this case 
a system of underground storage units control events up to the 5 year return 
peiod. At this point overflow occurs into a series of "dry" detention 
facilities by surcharge from the sewers. (See Plates 10 and 11) Overland 
flows in excess of the sewer system capacity are also directed to these 
"dry"ponds. (See Plate 12) In a total drainage area of about 270 acres 
underground storage to a total of about 5 acre-feet was required. Park 
storage of about 10 to 12 acre-feet was designed to control the higher flows. 
(See Plates 13 and 14) For such a scheme a total system analysis was required. 
Simulation of flows using the SWMM and EXTRAN models were necessary, analysis 
of overland flows, catchbasin capacities and inlet controls were also required, 
Detailed analysis of the response of the storage units was also necessary. 

Author's note : A large number of slides of the storage units discussed above 
were used to illustrate this paper at the time of presentation. These could 
be viewed by arrangement. Tours of the facilities could also be organized if 
sufficient interest was expressed. 
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Storage - Discharge Relationship 
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PLATE 1: GENERAL VIEW OF SWM POND 
mRKVILLE 
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PLATE 2: CONTROL STRUCTURE 
MARKVILLE 
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PLATE 3: RELATIONSHIP OF SWM POND TO RECEIVING STREAM 

MARKVILLE 
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PLATE 4: GENERAL VIEW OF SWM POND 
CANADA'S WONDERLAND 



- 25 




PLATE 5: CONTROL STRUCTURE 

CANADA'S WONDERLAND. 
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PLATE 6: CONTROL STRUCTURE 

EXHIBITION LAKE, N.E. MARKHAM 
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PLATE 7: INFLOW CONTROL STRUCTURE 

DRY POND, BOROUGH OF SCARBOROUGH 
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PLATE 8: GENERAL VIEW OF DRY POND 
BOROUGH OF SCARBOROUGH 
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PLATE 9: GENERAL VIEW OF DRY POND II 
BOROUGH OF SCARBOROUGH 
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PLATE 10: GENERAL VIEW OF DRY POND 
W. RISEBROUGH, f^RKHAM 
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PLATE 11: OVERFLOW INLET/OUTLET 
W. RISEBROUGH, MARKHAM 
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PLATE 12: OVERLAND FLOW INLET 

W. RISEBROUGH, MARKHAM 
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PLATE 13: GENERAL VIEW OF PARKETTE 
W. RISEBROUGH, MARKHAM 
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PLATE 14: GENERAL VIEW OF PARK STORAGE 
W. RISEBROUGH, MARKHAM 
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Introduction 

For many drainage design applications, only an estimate of the peak 
flow rate is necessary for sizing a pipe or other form of convey- 
ance. Most Storm sewer systems, culverts, and drains currently in 
operation were designed in this way, using the Rational Method or 
one of the other empirical formulae embedded in drainage practice. 
These systems have, for the most part, performed reliably in 
situations where the drainage areas were quite small, and where 
convenience of access was the only objective. 

Larger drainage systems, however, brought with them a number 
of problems which were difficult to address using traditional 
methods. Storage and routing effects in very large trunk sewer 
systems can significantly affect peak flows, and could not be 
directly analyzed with the Rational method. In fact, oversized 
storm sewer segments are currently being designed specifically for 
flow attenuation purposes. In combined sewer systems, surcharging 
and flooding problems are extremely difficult to track down and 
correct without information on timing, volume, and duration of 
component hydrographs. In many watersheds, storm sewer outflows 
represent the bulk of downstream flood flows, increased many times 
over the natural condition. Mitigative measures may involve 
storage at several points upstream, and here again more than peak 
flow estimates are required. 

Clearly, a need for more comprehensive analytical and design 
techniques has developed, and is being met by several drainage 
"models" which are in widespread use. The term "model" refers to 
the mathematical representation used to estimate the drainage 
phenomenon, and strictly speaking even the Rational formula is 
a model. A more precise image, and more practical one, is to 
utilize the term Hydrograph models, which most succinctly under- 
lines the important difference. Hydrograph models deal with the 
volume, timing, duration, and rate of runoff, and this information 



is vital to the analysis of lauger and more complicated systems. 

Hydrograph models are usually computerized because of the number 
of calculations involved. '^he most useful ones enable the designer 
to construct a linked rrodel of the actual pipe or stream system, 
determine the capabilities of the various links, and automatically 
perform the routing of sub-catchment hydrographs to the desired 
outlet. There are a number of benefits attributable to this type 
of modelling process, aside from the reliability of the flow 
est imate ; 

o Comprehensiveness - by combining the hydrologic and hydraulic 
functions, the designer is better able to understand the 
system and identify problems. Peak flows, sewer capacities, 
and routing effects can all be considered. The results of 
a hydrograph model analysis may be likened to a moving 
picture of the system, rather than a photograph, 

o Alternatives - Because of the speed and ease of operation of 
a working model, the designer can investigate alternative 
measures far more readily. '''his is the essence of good 
drainage planning. 



Discipline - The use of models imposes a certain discipline 
of design which makes the final results less subjective. 
For example, routing would be performed the same way in 
every case. This enables better comparisons between 
different analyses of a system, as well as between different 
reports and projects. Engineering judgement and innovation 
can then be concentrated upon the results rather than on 
the detailed techniques of analysis. 



For these reasons the authors feel that models have a vital role 
to play in municipal drainage, in conjunction with traditional 
Tiethods, The history of modelling in Ontario has been reviewed 
elsewhere, but an overview is shown on Figure 1. The development 
and use of models has played a key role in the development of urban 
drainage technology in the province. 

Mod e 1 Att r^ b u t e s 

There are some common attributes of hydrograph models in general, 
especially the more commonly applied ones discussed in this paper. 
These often form the basis for selecting a particular one for a 
project at hand. 

A hydrograph model, obviously requires as input a rainfall pattern, 
(hyetograph) from which the various losses are abstracted. Most 
m.odels will accept one or more hyetographs to be applied to the 
subca tchements being modelled. It is possible to simulate the 
spatial distribution and direction of the storms by varying these 
hyetographs, but for most small drainage areas this is not 
necessary. 

Representation of infiltration (and often depression storage) is 
another important aspect of available models which differs from the 
Rational method. Infiltration is usually depicted as a time 
variable process which decreases with time. The design of storage 
facilities is materially influenced by the infiltration rate, and 
hence the runoff volume. 

The surface runoff hydrograph must be computed for each sub-area 
and used as primary input into the hydraulic routing simulation. 
Available models use a variety of procedures to achieve this, from 
simple volumetric runoff per time increment to Kinematric wave 
theory. Adjustments must sometimes be made to account for 
pervious/impervious area differences, as in HYMO, for example. 
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ILLUDA^ - (ILLINOIS URBAN DRAINAGE AKKA SIMULA-^OR) 

OPIGINATOR: ILLINOIS S':^A'^F WATER SURVEY 

{TERSTRIEP, M.L. AND S'^ALL J.B.) 

BASIS: A close relative to the Rational method, but dis- 

cretised to permit generation of time-varying 
flows. Based on a tiir.e-area concept of the 
watershed, with flows at any instant equal to the 
sumiTiat ion of flows from the total area contribu- 
ting at that instant. 

INPUT FORMAT: Tabular numerical columns. Fixed format. 

OUTPUT FORMAT: Tabular columns and headings. Somewhat 

obscure to interpret at first, but quite quick 
and useful with experience. 

APPLICABILITY: A medium-level model best suited to analysis and 

design of small urban watersheds. Results may be 
inadequate in extensive rural or vegetated areas. 
Can be used either to design or evaluate storage 
volumes and pipe sizes. 

NOTES: Represents paved areas (separate or connected) 

and grassed areas i ndependantly , which 
facilitates modelling of many urban drainage 
alternatives. A good "first cut" tool for urban 
stud ies . 

Difficult to change its fundamental capabilities, 
but reprogramming output and peripheral functions 
is not difficult. 



Adequate routing, on the basis of user supplied sewer or channel 
d:mensions is vital if storage, surcharge, or other coiiiplex 
systems are being investigated. The Storm Water Management Model 
(SWKM) provides the most complete routing, but simpler approaches 
in other models miay be perfectly applicable. 

■^he ability to handle special facilities such as pumps, overflows, 
diversions and weirs may be important for large combined or 
sanitary sewer applications. 

The hydraulic capabilities of a model may be quite important even 
when only approximate flow estimates can be made, because a 
relative assessment of the perform:ance of a system is often useful 
in design. The design of combined sewer relief overflows, for 
example, might be based upon locations where flooding first occurs 
and what maximum surcharge levels can be tolerated, rather than 
upon a design flow frequency. 

Avai lable Models 

There are a great variety of models available at present, each 
with a different set of capabilities. Three which have come to 
be quite widely used in Ontario are HYMO, ILLUDAS, and SWMM, and 
these are reviewed in this paper in terms of their applicability to 
the more practical municipal urban drainage problems. The 
following pages present a capsule summary of each model. 



2iY_M0 - (KYDROLOGIC MODEL) 

ORIGINA"^OR: U.S. DFPARTMENT OF AGRICULTURE 

(WILLIAMS J.R. AND HANN R.W.). 

BASIS: A unit hydrogrsph model Generates runoff hydro- 

graphs by incremental summation of unit hydro- 
graphs. Shape parameters of unit hydrograph 
derived from empirical functions of watershed 
height, length, and area. 

INPUT FORMAT: Designed as a computer language. Commands are 

coiTimon hydrologic terms. Numerical input is 
free format and flexible. Highly user -or iented . 

OUTPUT FORMAT: Comtmands are executed and displayed sequentially, 

so output consists of the original comments and 
com.mands interspersed with calculated results. 
Easy to read and interpret. Debugging may be 
difficult since print of input data is a direct 
echo . 

APPLICABILITY: HYMO is best suited to medium and large sized rural 

watersheds, although recently has been adapted for 
urban areas. Useful for watershed planning 
studies, or for design of storge facilities such 
as reservoirs, and for floodplain mapping studies. 

NOTES: Can perform computation or storage of 

hydrographs, and will route hydrographs through 
a system including junctions, channels and reser- 
voirs. Is very easy to extend or re-program by 
adding subroutines for any desired operation. 
Its unit hydrograph basis makes it one of the 
easier models to apply to widely varied conditions. 
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SWMM - (STORM WATFR MANAGEMENT MODEL) 

ORIGINATOR: U.S. ENVIRONMENTAL PROTECTION AGENCY 

BASIS: A detailed deterministic model for simulating sur- 

face runoff and pipe system hydraulics in urban 
areas, including surcharging. 

INPUT FORMAT: Tabular numerical columns. Fixed format, 

OUTPUT FORMAT: Includes summary data and hydrograph printouts as 

required. Simple to evaluate and intepret, but 
may be somewhat lengthy. 

APPLICABILITY: Best used for generating runoff from urban areas. 

Is very wide in scope and may be used in detailed 
evaluations of pipe or channel networks. Can be 
applied to continuous or event simulations of 
quantity and quality of runoff, and recent versions 
include snowmelt computations. Hydr aul ical ly the 
most detailed model, 

NOTES: Several versions of SWMM presently exist due to 

the great deal of interest shown in the model by 
consultants and governments. The model is not 
suited to casual re-programming due to its size 
and complexity, but with some effort it can be 
modified as required. Is presently not really 
suited to rural watershed modelling, but can be 
used successfully in some rural basins with 
caution , 
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ifiYMO - (HYDROLOGIC MODEL) 

OhJCaNA'^OR: U.S. DEPARTMENT OF AGRICULTURE 

(WILLIAMS J.R. AND HANN R.W.) 

BASIS: A unit hydrograph model Generates runoff hydro- 

graphs by incremental summation of unit hydro- 
graphs. Shape parajTieters of unit hydrograph 
derived from empirical functions of watershed 
height, length, and area. 

INPUT FORMAT: Designed as a computer language. Commands are 

common hydrologic terms. Numerical input is 
free form.at and flexible. Highly user-oriented. 

OU'^PU'^ FORMAT: Comimands are executed and displayed sequentially, 

so output consists of the original comments and 
commands interspersed with calculated results. 
Easy to read and interpret. Debugging may be 
difficult since print of input data is a direct 
echo . 

APPLICABILITY: HYMO is best suited to medium and large sized rural 

watersheds, although recently has been adapted for 
urban areas. Useful for watershed planning 
studies, or for design of storge facilities such 
as reservoirs, and for floodplain mapping studies. 

NOTES: Can perform computation or storage of 

hydrographs, and will route hydrographs through 
a system including junctions, channels and reser- 
voirs. Is very easy to extend or re-program by 
adding subroutines for any desired operation. 
Its unit hydrograph basis makes it one of the 
easier models to apply to widely varied conditions. 



SWMM - {S'i^ORM WA'^^FR MANAGEMENT MODEL) 

ORIGINATOR: U.S. ENVIRONMENTAL PROTECTION AGENCY 

BASIS: A detailed deterin ini st ic model for simulating sur- 

face runoff and pipe system hydraulics in urban 
areas, including surcharging. 

INPUT EORMAT: Tabular numerical colLjmns. Fixed format* 

OUTPU'^ FORMAT: Includes summary data and hydrograph printouts as 

required. Simple to evaluate and intepret, but 
iTiay be somewhat lengthy. 

APPLICABILI'^Y: Best used for generating runoff from urban areas. 

Is very wide in scope and may be used in detailed 
evaluations of pipe or channel networks. '"an be 
applied to continuous or event simulations of 
quantity and quality of runoff, and recent versions 
include snowmelt computations, Hydr aul i cal ly the 
most detailed model. 

NOTES: Several versions of SWMM presently exist due to 

the great deal of interest shown in the model by 
consultants and governments. The model is not 
suited to casual re-prog r am^mi ng due to its size 
and complexity, but with some effort it can be 
modified as required. Is presently not really 
suited to rural watershed modelling, but can be 
used successfully in some rural basins with 
caution . 



"^he three models considered here are quite different in scope and 
application. The choice of one of these models over the others 
will be dictated by the problem to be tackled, the resources of 
the user, and to some extent the personal preferences of the user. 

MODFL SFLECTION 

•^he models described above are applicable to a wide range of con- 
ditions, and they form a fairly complete package for urban drainage 
planning and design. Since all the models are widely available, 
choice of which one to use will depend on the circumstances. 

As a general rule, the simplest model which produces the required 
information should be applied. There is no point in using a 
detailed model if detailed results are not required, or if 
adequate data is not available. For example if the drainage basin 
is small, and if only peak flows are required, the Rational method 
will suffice. If the analysis of surcharge or other more 
complicated details is required, SWMM should be considered. 

The model should fit the basin to be analyzed. In large areas, 
particularly rural watersheds, HYMO is used. In smaller or urban 
areas, ILLUDAS or SWMM can be used, although current investiga- 
tion shows HYMO can be applied in urban areas if proper adjustments 
are made to the parameters K, Tp and CN, 

The ILLUDAS model is primarily useful for the design of piped 
systems and simple storage applications. It requires less time 
to set up and run than SWMM, and carries out a good analysis with 
relatively simple routing. 

SWMM is best suited to the analysis of the more complex pipe 
systems, although it also has very good open channel routing. Its 
hydrologic component, the Runoff Block may be used by itself for 
small areas. Also the routing component, the Transport Block, may 
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be applied by itself using runoff results from other models. 

Finally, the requirements for computer capacity are important, as 
many offices computers have limited core space. The only program 
considered here which is too large for small machines is SWMM . 
Where out-of-house computers are used, space is not a problem, but 
costs become significant. In this situation, it is usually found 
that SWMM is slightly more expensive than ILLUDAS or HYMO, which 
are about equal in cost. In a strictly hand-calculator environ- 
ment, the Rational method and various hydrograph approximation 
techniques may be the only option. 

T ypical Applications 

The following examples of commonly encountered urban drainage 
problems illustrate how the above models might be applied in 
practice , 

Master Drainage Plans 

Master Drainage Plans are commonly carried out on a watershed 
basis, and basically involve defining major system drainage, and 
determining the required level of stormwater control. Precise 
location or sizing of structures may not be required, but analysis 
at this level must be accurate enough to mesh with analyses in more 
detailed subsequent design, and to provide guidance in overall 
Watexshed developrnent , 

It is possible to use HYMO for pre-developed conditions and SWMM 
for post-developed, but simplicity and economy suggest the use of 
one model for the whole study, if possible. HYMO is reasonable for 
urban modeling if adjustments are made to the curve number, and to 
the unit hydrograph shape parameters (IMPSWM, 1979), so HYMO has 
been used for hydrologic analyses for several current Master plans. 
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Experience has shown that the model, when applied with care, is 
qiiite adequate for this type of study. The structure of the 
model lends itself to rapid evaluation of alternative drainage 
schemes, and the computational routines are adequate for 
evaluating common storage and routing structures. While the peak 
flows so generated may be different from those determined at a 
more detailed level, the relative changes in flow due to urban- 
ization are reasonable. For this reason, the placement and 
sizing of control volumes is usually finalized in subsequent 
detailed studies. 

Subdivision Design 

More information about land use is usually available, and 
detailed pipe layouts are required. Depending on the scale of 
the development and on previous planning studies, several 
alternatives may present themselves. 

If the subdivision is small, and control devices are centralized 
somewhere downstream, it may be sufficient to apply Rational 
method calculations, and concentrate on drainage at a local 
"convenience" level. However, planning for major system drainage 
should not be neglected. 

If control volumes are sited so that runoff hydrographs from the 
subdivision are required, or if on-site measures such as roof 
top disconnection are proposed, then more detailed modeling is 
indicated. ILLUDAS may be quite adequate, and it is very con- 
venient for estimating storage volumes or for assessing such 
things as impervious area separation. 

When further studies will require detailed assessment of hydrau- 
lics, SWMM is probably indicated. This is primarily because 
the results of the Runoff block computations can be quickly and 
easily manipulated through use of the Transport block. 
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Design of Storage Volumes 

For storage design, especially at a large scale level, HYMO is 
usually quite sufficient to allow an assessment of storage and 
outflow relationships. However, if local swale storage or other 
diffuse control measures are indicated, ILLUDAS or SWMM are 
preferable. There is no doubt that when "super pipes" or other 
detailed designs are attempted SWMM is much more powerful than 
either ILLUDAS or HYMO. 

A typical example of storage volume design has been taken from a 
current project to compare how SWMM and HYMO might each be used to 
evaluate control volumes required in an urbanizing basin. HYMO was 
first used with rural parameters coded. Urban conditions were then 
approximated by halving the values for the rural K and Tp and by 
increasing the curve number. These changes reflect the increased 
imperviousness and decreased response time of urban basins. 

SWMM was applied to represent urban runoff, and then parameters 
were adjusted to reflect rural conditions, Imperviousness was 
lowered and infiltration rates were changed. 

As shown in Figure 2, the results of the two approaches are in 
good agreement, for the purposes of the study. The change in 
runoff volume due to urbanization is in close agreement, as is the 
change in the relative magnitude of peak flows. What is most 
interesting is that the required control volumes calculated for 
either model are as close as is required in a planning study. 
Computer costs were somewhat higher for SWMM, and HYMO required 
slightly less set-up time. 

Some Recent Applications 

Model usage is now well established in drainage practice and many 
examples of their application have been reported. The following 
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are some recent projects, conducted by the authors, in which one or 
more of the models were applied: 

St. '"atharines - SWKM was used to analyze combined sewer flooding 
and relief requirements for the St. Patrick's Ward and the Sap 
Ditch drainage areas. 

London - HYMO is being applied to evaluate potential drainage pro- 
blems and stormwater control requirements in Dingman Creek. SWKM 
is being applied for specific urban sub-areas. 

Saulte Ste . Marie - SWMM was used to investigate flooding and 
relief alternatives in a heavily infiltrated sanitary sewer. 
Hydroaraphs were developed and calibrated to measurements, and 
used in the EXTRAN block to determine surcharge levels. 

Scarborough - ILLUDAS was employed to evaluate overland flow routes 
for a new subdivision, and to determine storage requirements to 
meet municipal criteria. 

"Toronto International Airport - HYMO was employed to determine pre- 
and post-development flows from the airport property, including 
substantial areas of pavement. Typical area were checked with SWKM 
modelling. 

Edmonton - SWMM was employed to design several interconnected lake 
systems including maximum and minimuin storage volumes, pipe 
systems, and overflow routes. 



Winnipeg - SWMM was used to design the size, volume, and location 
of a storage pipe for sanitary sewer relief. 



15 



Saint John - SWMM was used to analyze a downtown drainage system, 
including the dual drainage system, to determine requirements for 
urban renewal . 



Ajax - HYMO was employed to determine storage volumes and major 
system capacities for a master drainage plan. 
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AND COHMUNICATI0N5 



t. Introducti 



on 



The construction of a modern highway involves a drastic changing 
of the land over which it traverses. Such construction results 
in the reduction of small hills and knolls, the material from 
which is placed in depressions and stream valleys in order that 
the gradient will be as flat as economically possible and consis- 
tent with the type of traffic anticipated to use the facility. 
At the same time, large areas of land are rendered impervious to 
water infiltration from the application of asphalt or concrete 
pavement. This results in higher than normal runoff with a con- 
sequent increase in the risk and occurence of erosion and sedi- 
mentation problems. 

When highway construction was on much smaller scale, as during the 
period generally up to the 1940s in Ontario, there probably was 
not as high a risk of erosion and sedimentatioh inputs as would 
occur with the construction of a highway today. 

Not only are modern highways conducive to the generation of high 
erosion, the impacts are considered more important due to the in- 
creasing intensity of land uses, the scarcity of environmental 
feature impacted by erosion and associated sedimentation and a 
much higher level of concern for the loss of environmental quality 
resulting from erosion and sedimentation. At the same time, such 
erosion and sedimentation has its own contribution to high cons- 
truction costs. Rills and gulleys created by water flowages down 
slopes and ditches must be filled in; accumulated sediment in cul- 
verts must be removed; compensation for the death of trees whose 
roots have been smothered by sediment has to be paid. In addition, 
other costs, not borne by the construction contractor or the Min- 
istry are paid, often unknowingly, by the general population in 
terms of reduced fishing opportunities, degraded swimming areas, 
increased populations of biting flies, etc. i.e. a reduced human 
habitat quality. 



Over the years, the Ministry of Transportation and Communications 
has been making positive efforts to reduce the amount of erosion 
and sedimentation associated with its projects. Progress has been 
slow as various techniques are tried, evaluated, discarded, modified, 
etc., in an attempt to find the most appropriate and cost-effective 
approaches and techniques. 

In the early years, erosion and sedimentation control measures were 
placed in the contract for highway works solely on the basis of 
protecting the work and/or reducing costs associated with erosion 
and sedimentation. Over the years, however, this attitude has been 
changing to the extent that some of the "old timers" are often, and 
increasingly so, perturbed about the inclusion of measures that 
"would never be permitted in my time!". 

The purpose of this paper is to provide a description of some approaches 
currently being developed and used within M.T.C. in an attempt to 
develop an erosion and sedimentation control program for the Ministry. 
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2. Erosion and Sedimenfcatiun - Some Basics 

2.1 Magnitude and Extent 

The detachment, transport and eventual deposition of soil particles 
as a result of the forces of water and wind is a natural process 
that has shaped the topography and soil characteristics of land 
surface and sub-surface features. The exposure of mesas in the 
American Midwest, the roundinri and smoothincj of precambrian gran- 
ites in the Laurentian Shield, the channelization of the Niagara 
Gorge and the formation of the Niagara Escarpment attest to the 
magnitude of the effects of natural erosion. Locally, the vast 
amounts of material deposited in the major moraines of Southern 
Ontario and the layering of fine-qrained sediments observable in 
the exposed Faces of the Niagara Escarfjment, attest to the magni- 
tude of the process of sedimentation over time. 

The effects of such processes are seldom of great consequence where 
natural counteracting factors such as vegetation are operative. 
Vegetation not only assist to bind soil particles, but also helps 
to prevent their dislodgement through the energy absorption of leaves 
and stems which prevent the direct impact of water droplets onto 
soil particles. 

Of great consequence, however, is the accelerated erosion and sedi- 
mentation which occurs as a result of Man's development activities 
which expose soil surfaces and facilitates erosion. Such erosion 
is characterized by high rates of soil movement over a short time 
frame. On an annual basis, the amount of soil moved by the forces 
of water can be staggering. For example, the estimated annual 
silt discharge of the Mississippi River at its mouth is approximately 
730 million tons (1) or an amount of silt which would cover 283,000 
acres one foot deep. Taking P.L.U.A.R.G (2) results for Southern 
Ontario, the total contribution of Canadian agricultural land to 
streams in the Great Lakes basin in 1976 was 1,200,000 tons and 
465 acre-feet. 
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According to a recent E.P.A. report (3), fifty percent of sediment 
deposition is attributable to agricultural sources, but the highest 
rates of soil erosion are attributed to construction and active 
surface mining. 

Table 1, derived from (3) illustrates this point rather clearly. 

TABLE 1 

The Relative Soil Loss due to Erosion from Various Land Uses. 

2 
Land Use Tons per mi per year 

Forest 24 

Grassland 240 

Cropland 4,800 

Harvested Forest 12,000 

Active Surface Mines 48,0QQ 

Construction 48,000 

Values greater than those reported in Table I were reported by 
Wolman (4) for various construction projects in Maryland. Table 
2 demonstrates some of these values. 

T ABLE II 

Annual rate of sediment yield from construction activities in Mary- 
land (from Wolman [4]) 

2 
Construction Activity Tons per mi per year 

Industrial Park 72,000 

Construction Site 140,000 

Housing Subdivision 121,000 

Housing Subdivision 25,000 

Housing 5,600 

Housing (probably a low estimate) 11,300 
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Table II also shows that a wide variation can exist and that high 
rates of sediment yield do not accompany every construction project. 
The reason for this varibility is due to the influences of the 
various factors affecting the rate of sediment yield such as slope, 
gradient, slope length, soil erodibility, rainfall intensity and 
duration as well as the degree and type of soil erosion control 
established. 



2.2_5edimentation 

When particles have been dislodged by the forces of erosion and 
transported by water, settlement can only occur when the forces 
acting on the particle become less than the forces of gravity. 
Sediment can, therefore, be transported for long distances by high 
flows, especially if the size of particle is small. Since the 
specific gravity of transported mineral soils is generally greater 
than that of water, the particle will eventually settle out as the 
water velocity decreases. Small particles (eg. colloidal clays) 
may remain in suspension for very long periods after the water 
velocity has been reduced to imperceptible levels as in a sedi- 
ment trap. The resulting turbidity is an indication that greater 
upward forces are acting on the individual particles than the force 
of gravity. 



2^3_Impacts Due_tQ_Erosion and Sedimentation 

The three phases in the process of erosion and sedimentation are 
detachment, transport and deposition. At each of these phases 
certain condition changes occur and may result in effects, both 
negative (impacts) and positive (benefits) of primary, secondary, 
tertiary etc. levels. These condition changes and effects may 
affect biotic, abiotic or social-economic categories or combina- 
tions thereof. Table 3 shows the condition changes, primary, sec- 
ondary, tertiary effects for each of the three phases. 



Tabl<2 M 
Condition changes y^/ith ptimaryt secondoty and fertiory 
effects Qssoc/Qted with the fros/on ^ Sedimentation process. 



in 
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PHASE 
DetQChmant 



Transport 



CONDITION CHANCES 

(0) Soil portfclffs irza 
to move of t«r detach- 
ment by falling roin. 

(b) Soil porticlas fraa 
to mova after detach* 
mant by flowing woter 

(o) Soil particles in 
suspension inwotcr 



(b) Soil particles bump 
along bottom of 
channel 



Soil.portictes 
be5m to move. 

Soil portlcles 
begin to move. 



Increase In 
turbidity. 



Release of 
haovy metals, 
toxic ch£miCQ|s. 



2^ EFFECT 



3^ EFFECT 



So»I partiCiss 
assist .in 
dislodging addi- 
tionoi soil particles 
from chonnel 



Increase in diff- 
iculty in treotinq 
water for domestic 
supplies. 

decrease in water 
c^uolity for fish life. 

aesthetic 
deterioration 

Increase in 
heavy metol 
concentrations 
in food chain 

Increase In toxic 
chemicols in food 
chain. 

Channel beconries 
longer 



Increased 
cost to users. 



•Lowered fish 
production. 

' Increased obose 
of water ^uolity 

Potential long 
term effects 
on mfin. 

Potential long 
term effects 
on man. 

damage to 
the lond bqse 
of production. 
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PHASE 
Deposition 



Table IE page 2 



CONDITION CHANGES 

(q) Deposition in strcoms, 
lakes etc. 



(b)Depositton over, 
'roots of vegetation 
(w/oodlots etc:^ 

c) Deposition in 
pi pes^ ditches ^ic. 



{ 



r EFFECT 



2** EFFECT 



3** EFFECT 



Oomoga fo fish 
habitat (pools, 
Spawninq areos, 
ate.) 

Creation of 
substrates pre-. 

t erred by certain . 
iting flies (TabQnids 
qnd Mosquitoes) 

Change .in habit<jt - 
for certain aauotic 
organisms- 



Reduction in -Reduction in 
fi'sh populations. man's potential 



Suffocation of 
roots. 

Additional 
removal costs. 



Increased 
annoyance. 

Increase in 
potential for 
disease ironsmi- 
ssion. 

Reduction in 
fish food abun- 
dance desired 
for certain species 

Increase in 
populations of 
species used as 
food for certain 
fish. 

Deatti or 
damage, to 
vegetation 



use. 

Possible loss 
of land values. 

Human ^ economic 
losses. 



Reduc+iori in 
certain fish 
species. 

Increase in 
populations of 
other fish 
species. 

Change in 

ecological 

succession 



- Potential 
domage . to 
mstautitions 



- Overall decrease 
in economic 
efficiency. 
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Although fantastic amounts of material have been eroded and sub- 
sequently deposited over geological history, the rates of sediment 
yield have seldom been high. Consequently, the various floral and 
faunal components of natural ecosystems are generally intolerant 
of high sediment concentrations. The reason for such intolerance 
is associated with the relative stability with which most species 
have been subjected during their evolution. Some species, however, 
are very tolerant to sediment concentration and play a very im- 
portant role in promoting soil stability especially where erosion 
and sedimentation processes are active such as river banks and 
beach dunes. 

Even with effects of soil erosion and sedimentation [>resented, one 
may still be inclined to adopt a casual attitude, reasoning that 
the value of the product of construction expressed as a need of 
society exceeds the tangible and intangible values of the environ- 
ment affected by erosion and sedimentation. This is especially 
true if one does not appreciate the fragility of the links with 
which each component of the ecosystem are connected, or that Man's 
future well-being depends on the integrity of such ecosystems. 
Accelerated erosion and consequent accelerated sedimentation can 
disrupt such ecosystems. 



2.4 Types_of_Erosion 

Erosion is the detachment and transport of soil particles by water, 
wind, ice or gravity. In terms of water-caused erosion, which will 
be the main consideration of this paper, erosion can take four forms; 

- sheet erosion 

- rill erosion 

- gully erosion 

- stream and channel erosion and transport 
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Sheet erosion is the detachment of soil particles uniformly over 
an area so that the loss of soil may be almost imperceptible. 
Generally, sheet erosion occurs on very gradual slopes where water 
velocities are low. On steeper slopes, sheet erosion rapidly takes 
the form of rill erosion in which small rivulets are formed by the 
concentrated flow down the slope. Where soils are especially 
erodible on moderate slopes, such rill erosion can rapidly create 
gullies, especially on the lower sections on such slopes. Whereas 
sheet erosion removes soil uniformly by low volume and velocity 
flows, rill erosion removes soil from channels through the action 
of low-volume concentrated flows of moderate velocity. Gully 
erosion is created by high volume concentrated flows of high velo- 
city. 

The erosion that takes place in streams and channels is caused by 
high volume and velocity concentrated flows. The scouring of 
streambanks and the consequent formation of pools and riffles takes 
place as the stream responds to the tendency to follow the mathema- 
tical expression for a "sine-generated curve" because this is the 
type of curve involving the least work in turning (5). 



?i^_?Ei[]EiPi?5_°f_§E9fion arid_Sedimentation Control 

From the previous discussion, three principles of erosion and sedi- 
mentation control can be identified. 



2.5.1 Minimize Soil Exposure 

Soil exposure to rainfall or running water will be detached 
and transported because of the transfer of energy from the 
erosive force to the soil particles. This process will con- 
tinue at a rate dependent on the interplay of the factors 
identified in the Universal Soil Loss Equation. ^'^^ Under given 
conditions of soil erodibility, rainfall, slope gradient and 
length, the removal of vegetation to expose soil will increase 
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the value of the VM factor. Thus, the most obvious way to 
minimize the amount of soil erosion is to maintain the VM factor 
at as low a value as possible. Often, the only way to accomplish 
this objective is to minimize the area of exposure to that 
minimum amount needed for site development. However, this may 
not be sufficient if the soils are very erodible. Thus, the 
retention of vegetation on highly erodible sites for as long 
as possible will minimize the amount of erosion. 

Where erosion potential is high and it is impossible to further 
minimize the potential amount of erosion by minimizing the 
size of the area needed for site development, consideration 
should be given to the minimization of the time interval and 
the time period of soil exposure. For example, where the in- 
stallation of services has been accomplished and the serviced 
lost are awaiting purchase and/or erection of buildings, the 
application of soil erosion control techniques on a temporary 
basis will again reduce the VM factor so that the erosion 
potential will not be realized. The various techniques that 
could be used include the application of seed and mulch, 
mulch alone, chemical soil stabilizers or mechanical means 
such as plastic sheets. It should be pointed out that the 
selection of the measure to be used will depend on such factors 
as costs, effectiveness, time of protection and weather conditions, 

It is also well known that the time of the year during which soil 
is exposed will influence the amount of erosion. 

2.5.2 Make Water Walk, Not Run 

The erosive force of running water is well known; as water is 
allowed to concentrate, its erosive potential increased con- 
siderably. Likewise, the reduction in velocity not only re- 
duces the potential erosive power, but also allows suspended 
sediment to settle. 
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Many of the soil erosion control measures utilize this principle. 
The application of sod or seed and mulch will retard the con- 
centration of water by acting as an energy attenuator to force 
water to walk rather than run. The use of rip-rap in ditches 
accomplishes the same objective. It should be noted that the 
various techniques for slowing down the velocity of water have 
to be used where they will be able to counter the forces of 
such running water. Thus the use of sod in a steep ditch will 
only result in the loss or damage of the sod without reducing 
the amount of erosion. 

2.5.3 Retain Sediment on the Site 

Even with the application of the previous two principles, some 
sediment will be produced. The retention of such sediment on 
the site will greatly reduce the potential damage to environmental 
features. Sediment can be retained by two methods: filtering 
run-off as it flows and detaining sediment laden run-off for 
a period of time, so that the soil particles settle out. This 
may be accomplished by the construction of sedimentation traps 
at strategic locations in drainageways or by the construction 
of sediment basis through which water is diverted. Frequently 
the approach that is used to prevent environmental damage is 
to construct sediment basins or traps in order to directly 
attack what is perceived to be the main problem - the sediment. 
Rather, the use of sediment retention methods should be con- 
sidered as a back-up protective measure to the application of 
erosion control methods employed further up the drainageway. 
The best way to control sediment is to control erosion. 



3.0 E-rosion_and_Sedimentation_(^q^n_t™_l_ jjT_J^r^ De_vel opment 

Consistent with the approach that planning deals with a subject 
from the general to the specific, the consideration of erosion and 
sedimentation should proceed from the broad area basis to the 
specific location throughout project development. 
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Ideally, these considerations should proceed from the broad area 
considerations, sub-province, county, regional municipality, etc. 
down to the individual slope, ditch, etc. The objective is, at 
the broad level, to minimize erosion and sedimentation through 
avoidance first and, where a potential impact is considered unavoidable 
under such circumstances, then mitigation must be applied. 
"Avoidance" planning is applied throughout four stages described 
below; "mitigation" can, for obvious reasons only be applied at 
the design and construction levels. The four stages of project 
development are presented below along with a description of the 
general approach used at each stage. 



3^1 Network_(Area)_Planning 

At this stage an emphasis is placed on gathering and mapping 
information on features that would either be affected by erosion 
and/or sedimentation or which would contribute to it. Because 
eroded materials tend to settle out in watercourses, thus creating 
a condition change and associated stream ecosystem effects, the 
location of streams and more particularly, streams sensitive to 
the effects of sedimentation are mapped. Streams which are most 
affected by sedimentation are those containing trout species while: 
streams which are progressively affected to a lesser degree are 
those containing game fish such as smallmouth bass, pickerel, etc. 
Those streams affected least are those which contain only coarse 
fish such as carp, mudcat, gar pike, etc. Generally such species 
etn withstand high sediment deposition. 

Other features which could be mapped are those which relate to the 
protection of man-made structures such as water impoundments which 
could be reduced in efficiency through the contribution of sediment 
from highway works. As a general rule of thumb, impoundments 
occurring within two miles downstream of new highway construction 
or reconstruction on a medium sized stream can be expected to be 
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adversely affected. In terms of features of the landscape which 
would contribute to erosion and sedimentation problems, such features 
as topography and soil types or soil associations would be suitable 
for mapping. 

Alternative corridors within the area are evaluated on the basis of 
not only the traditional traffic considerations, but also in terms 
of the effects on environmental factors including erosion and sedi- 
mentation. The objective would be to maximize the potential 
returns from the highway while at the same time minimizing the ad- 
verse environmental effects. This approach theoretically minimizes 
environmental (and often engineering) problems at later project 
development stages. 



3.2 Route (location or functional) Planning 

At this stage of project development, the goal would be find 
a route location that provides the best returns in terms of cost, 
traffic service and minimization of environmental impacts. The 
corridor within which the new facility will pass is generally from 
three to ten miles in length and generally two to three miles in 
width. Within such an area a number of alternative routes will be 
identified and evaluated against a number of engineering, cost and 
environmental factors. In terms of erosion and sedimentation con- 
trol, the objective would be very similar to that at the Systems 
level and the indicators identified (trout streams, water impound- 
ments, etc.) would generally be the same but would be mapped at a 
much more detailed level. Likewise, the evaluation would also be 
much more detailed. 

Again, the overall objective would be to minimize the degree of 
condition changes and, therefore, impacts associated with erosion 
and sedimentation through avoidance considering all the trade-offs 
which are involved. 
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3.3 Design 

This stage is usually divided into two phases, preliminary and 
detail design. In preliminary design, the route (or type of work 
in cases of reconstruction) is examined in order to confirm the 
need and justification. Preliminary horizontal and vertical 
alignments are generated and evaluated in terms of engineering 
acceptability, cost and environmental impact and implications. 

In terms of potential erosion and sedimentation impacts, data are 
collected at this stage on the degree of sensitivity of the 
streams on the project to sedimentation. V/here a particularly 
sensitive stream is identified, the alignment alternatives may be 
examined with the objective of minimizing the erosion potential of 
the work and thus reduce the potential impacts on the watercourse. 

In the next phase, detail design, the contract drawings are completed 
and the contract package is put together. It is at this phase 
where the fine desi(in details are clearly defined in the contract 
drawings and the wordino of special provisions is clearly written. 
In terms of erosion and sedimentEtion control , the contract drawings 
would identify the locations where special erosion and/or sedimenta- 
tion control measures were to be taken. They might also indicate 
the sequence in which the work in n particular area was to be 
conducted in order to reduce erosion and sedimentation problems. 
The special provisions, being part of the specifications for the 
work, would define for contract management purposes, the specific 
requirements of the contractor. For example, a special provision 
which is commonly placed in contracts directs the contractor not 
to work in or near a specified stream during a specified time period 
in order to reduce the contribution of sediment to the stream during 
a critical time period. Or a special provision may tell a contractor 
when a sedimentation trap or basin was to be cleaned of sediment 
and may specify the manner in which it was to be removed. 
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3.4 Construction 



Given the strict requirements of the contract documents, one might 
be inclined to assume that any erosion and sedimentation problems 
would be only as good as the design or damages would only occur 
as a result of unusual weather conditions such as an exceptionally 
heavy rainstorm. Such, however, is not the case, since a great 
deal of damage (or a reduction of such damage) can be done by prac- 
tically anyone on the job. For example, the placement of an effluent 
hose from an unwatering operation on level ground where the force 
of the water could create a great deal of erosion damage could be 
prevented if the effluent hose were directed to a sedimentation 
basin or even onto a hard surface. Often, opportunities arise on 
a job to reduce environmental damage due to erosion as, for example, 
on one job where a bulldozer operator placed a load of earth to re- 
direct a flow of water which was discharging down an embankment 
causing a great deal of erosion. 

In MTC many of our project supervisors and inspectors have been 
exposed to an environmental awareness course which attempts to 
provide information on how field personnel can minimize environmental 
damage on the job. 



4.D The Determination of Watercourse Sensitivity to Erosion and 
Sedimentation_ 

In 1980 the MTC isRued a guideline entitled "Guidelines for Analyzing 
Surface Water Sensitivity to Erosion and Sedimentation" in which 
was presented a technique for the utilization of a great deal of 
readily available information to determine the degree of sensitivity 
of a watercourse to erosion and sedimentation. Knowing the degree 
of sensitivity of a watercourse, a planner or designer would be in 
a better position to identify and select erosion control techniques 
and approaches in a cost-effective manner. At the same time, he would 
be in a position of not including special erosion and sedimentation 
control measures on streams which were not especially sensitive. 
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The guidelines have been prepared on the basis that the following 
three factors affect the degree of sensitivity to erosion and sedi- 
mentation: 

(a) The Sediment Yield Rating Factor 

(b) The Inability of Surface Water to Absorb Sediment 

(c) The Sensitivity Attributes of the Watercourse. 

4.1 ■- The Sediment Yield Rating Factor 

The sediment yield rating factor is determined using five 

subfactors: 

(i) Runoff 

(ii) Soil Erodibility 

(iii) Exposed slope length and slope gradient 

(iv) Area of land exposed 

(v) Location of the watercourse. 

4.1.1 - Runoff 

Since the influence of runoff is greater during the spring 
than at any other time cf the year, this sub-factor is given 
a high rating when soils of a construction site are to be 
left exposed during this time of year. Medium ratings are 
given if soils are to be exposed from 2-8 months which do 
not occur in the spring period. And lastly, a low rating is 
given if soils are not to be left exposed for longer than 2 
months. 

4.1.2 - Soil Erodibility 

Wischmeir et al (7) developed a nomograph for use in the 
Universal Soil Loss Equation which determines K an erodibility 
factor. This sub-factor is assigned a high rating if K factors 
determined for the soils of the site are greater than 0.40, a 
medium rating if the K factor is between 0.2 and 0.4 and a 
low rating is assigned for any values lower than 0.2. 
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4.1.3 - Exposed Slope Lengthi and Slope Gradient 

The length-slope sub-factor (LS factor) was also developed 
for use in the Universal Soil Loss equation and re- 
presents the contribution to the potential for erosion 
from slopes attributable to the length and gradient. 
Foster and Wischmeir (8) developed an equation and sub- 
sequently a nomograph from which the LS factor is cal- 
culated knowing slope-length in feet and the slope gradient 
in percent. 

Subjectively, it was determined that an LS value of greater 
than 5 would be classified high, 1-5 as medium and less 
than 1 would be low. 

4.1.4 - Area of Land Exposed 

In determining criteria for classifying construction site 
area, subjective determination is again employed. An 
exposed area of greater than 1.5 ha would be classified 
as high, 0.5 to 1.5 ha as medium and less tha 0.5 as low. 

4.1.5 - Location of the Watercourse 

A high rating for this component is assigned in those 
cases where construction work would be in or very close 
to the watercourse. A medium rating would be assigned 
where the work was further removed from the watercourse 
and there were drainage connections with the watercourse. 
A low rating would be assigned where the distance of the 
work from the watercourse was long and the contribution of 
sediment to the watercourse was therefore deemed to be 
low. 



4.2- Inability of Surface Water to Absorb Sediment 

The factor "Inability of Surface Water to Absorb Sediment" 
reflects the degree of damage to environmental components from 
the watercourse's inability to transport contributed sediment 
and thus reduce the degree of impact. Since larger watercourses 
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have the ability to so "dilute" the environinental effects 
they are given a low rating while other watercourses, having 
smaller flows are given medium ratings. High ratings are 
assigned to very small streams which are also tributary streams 
many of which have high environmental sensitivities. 

Since the size of lakes and ponds also affects its ability to 
absorb sediment, small lakes are assigned a high rating for 
this factor, while large lakes are assigned a low rating. 
Table IV provides the appropriate criteria. 



4 . 3 1^5tercourse_5ensitivity 

The following components affect the contribution of this factor 
to the overall watercourse sensitivity rating: 

(a) Aguatic Ecosystems 

(b) Recreation uses and potential 

(c) Water Consumption 

(d) Water Engineering Facilities 

4.3.1. - Aguatic Ecosystems 

For the purpose of the guidelines, three types of aguatic 
ecosystems are defined as fallows: 

Rivers - including brooks, creeks, streams and rivers 
Lakes - including ponds, lakes, reservoirs 
Wetlands - including swamps, meadows, marshes, etc. 

Within each of these broadly defined ecosystems, the 
differing aguatic organisms will determine the sensitivity 
of the unit. In the case of rivers, the presence of trout 
or endangered species of life is the criterium for assign- 
ing a high rating. A medium rating is assigned to a 
river which contains species such as - walleye, perch, etc. 



TABLE 13 . 
STEP 3 - ir'AUiLITY OF SURFACE WATER TO ABSORB SEDIMENT 





HIGH 


MEDIUM 


LOW 


Physical Nature 


Wetlands, 


Streams 


Lakes {> 99 ho) 


of Surface Waters 


Ponds, (< 1 ho) 


Minor Rivers (100- 


Major RiversOlOOOc.f.s) 




Streams, 


1000 c.f.s. 2-8 to 


()28- OmVs) 




Creeks, (t-99c.fs 03- 


28 0mVs) 






2'8mVs) 


Reservoirs 






Interrniltent Streams 


Lakes{l-99ha) 





I 



Flows of rivers and streams to be Mean Annual flow 
Sources: I) Watercourses - Historical Streamftow Summary — Water Survey 
of Canada (Environment Canada) 

Note: If recording station is determined to be distant from area of concern (reference 
map with above publication) flowrates con be determined proportionately based 
on drainage area. 

If no data ovallable for stream of concern flowrates can again be 
estimated using flowrales from an area stream and proportionate drainage areas. 

2) Lakes- Area Maps, Air Photos, etc. 
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Watercourses containing carp, bullhead, etc. are assigned 
a low rating. Other criteria for rating aquatic ecosystems 
are provided in Table V. 

4.3.2 - Recreation Uses and Potential 

Four major sub-categories of recreation were determined that 
could be affected by sediment - swimming, boating, fishing and 
viewing (aesthetics). 

Information obtained from the Canada Land Inventory and the 
Ontario Land Inventory is used to determine the appropriate 
rating based on the assumption that areas with higher capability 
ratings have greater sensitivity to erosion and sedimentation 
impacts. 

4.3.3 - Water Consumption 

The ratings for this sub-factor are defined on the basis of the 
water consumption uses to which a potentially affected water- 
course is subject and the type of water treatment employed, 
i.e. the degree to which water quality could be reduced by 
sediment. The appropriate criteria for this sub-factor are 
found in Table V. 

4.3.4 - Water Engineering Facilities 

Water engineering facilities include dams, reservoirs, drainage 
diversion channels, canals and harbours. Generally, effects of 
sedimentation decrease with distance of such facilities downstream, 
In determining the ratings, the criteria for this sub-factor are 
given in Table V. 



TABLE ¥ 
STEP 4- SENSITIVITY RATINGS 



Faclor 



Aquatic Ecosystems 
A, Streams 



B. Lakes 



C. Wetlands 



2. Recreation )(t 

A. Swimming 

B. Fishing 

C. Boating 

D. Aesthetics 



High 



Trout Streams, or Potential 
Trout str. Rare or Endan- 
gered Species (Fish or Plant) 

OligotropWc Lakes 
- deep, little veg'^tatlon, 
targe, cold lower layer. 
Rare or Endangered 
Specie»(PlQnls or Animal^ 

High Value Wetland 

Wildlife. 

1-2 W (Source 3) 

High value as o Nutrient 

Filter. Rare or Endangered 

Specle8(Plaiits or Animals) 



Medium 



High Quality 

i - 3 B (Source" I) 

High Quality 
1^ 3 A {Source I) 

High Quality 
l-3C,U,Y,(Soijrce I) 

High Quality 

1- 3 F,V, (Source I) 



Worm V/ater Game Fish 
StreomS' walleye, yellow 
perch, small mouth bass, 

sauger 

Mesotrophic Lakes 
-shallow, abundant 

vegetation, little cold 

water. 



Medium Value Wetlond 

Wildlife 

3-5WfSource :^1 
Medium Value os a Nutrient 
Flit er.(Water flows mnmly 
in a channel) 



Low 



* opinions of listed Sources should olso be considered If 
nol by CLI.l it should he r.nnsidpiprl is high 



Medium Quality 
4- 5 n (Source I) 
Medium Quality 
4-5A (Source I) 

Medium Quality 
4-5C,U,Y,(Source I) 

Medium Quality 
4-5 F,V, (Source 1) 



f;iibj'*ctiv*ly of hi'gh regionnl impor tciorp hough 



3. Consumption 



4 Water Engineering 
Facilities. 
(Dams, Reservoirs, 
Channels, Canals, 
Harbours) 



No treatment of Consumed 
Water or treatment insuffi- 
cient to handle increased 
turbidity levels (Type I 
Facility) 



Near Construction Site 
downstream (les*; than 
2 miles) 



Treatment facilities able 
to handle moderately 
increased turbidity levels 
(Type II Facinty) 



Distant from Construction 
Site downstreamO 2miles) 

Ability to settle suspen- 
ded sediment or concern 
re suspended sediment 
ddmage. 



Coorse Fish Streams- 
corp, bullhead, white 
sucfeer. 

Eutrophic Lakes 
-tittle vegetation, low 

quality fish, almost 

dead! 



Low Value Wetland 

Wildlife 

6-7 W (Source 3) 

Low Value as Nutrient 

Filter.(Not significant flow 

d i re ctly through] 



Low Quality 
6-7B (Source I) 
Low Quality 
6-7A (Source I) 

Low Quality 

6-7 C.U.Y, (Source I) 

Low Quality 

6-7 F,V, (Source I) 



woter not used for 
consumption or treotment 
facilities able to handle 
high turbidity levels. 
(Type til Facility) 



I. District Biologist, MN R 
^Fisheries Branch, M.N. R 
3. Canada and Ontario 

Land Inventory Mops 

for Recreation 
4.National Museum and 

ROM, for endongered 

fish species. 
5. Provincial Parks Branch, 

M.N.R. for important 

plant species and 

communities 



None Downstream or no 
concern of settling of 
suspended sediment. 



Sources 



Canada and Ontario 

Land Inventory Maps 

for Recrpotlon. 
2, Conservation Authorities 

Branch, M.N R 
3. Regional Park Planners, 

M.N.R. 
4.0utdoor Recreation 

Group, M.N.R. 

SOistrict Office, M.N.R. 



t. Min.of the Environment 
Environmental Assessment 
and Planning Division. 

2, Industrial Directories, 
3.Agricultural R€ps.,Mtn of 
Agriculture and Food 



1 District Offices- M.N, R, 
2,Eng. Services Br. - M NJR 
3, Conservation Authorities. 
4. Harbour Commissi onsCre 

Commercial Harbours) 
5, Small Craft Harbour Br. 

(Fed. Oept, of Tronsport) 
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4.4 - Use of the Total Potential Impact Worksheet 

Figure I, the Total Potential Impact Worksheet was developed to 
systematize the analysis of the ratings assigned to the various 
factors and subfactors previously described. Six steps are identified 
at which specified tasks are performed. The first step is to identify 
Potential Impact Areas. A Potential Impact Area is that part of the 
drainage area of a project which potentially could contribute sediment 
to a point on a watercourse, through erosion and transport. Thus, 
the highway project is visualized as a number of potential impact areas 
varying in size and potential to contribute to erosion and sedimentation 
impacts. 

Once the potential impact areas have been identified the appropriate 
data as described in the guidelines proper is collected and the Net 
Sediment Yield Rating is determined. Ratings for the five factors 
making up this Net Sediment Yield Rating are detemiined, are summed 
and an overall rating is determined. This overall rating is taken 
to Step 5. 

In Step 3 the rating for the Inability of the Surface Water to Absorb 
Sediment is determined from Table IV, entered at B and taken to Step 5. 

Similarly a rating is determined for Step 4 where the Overall Sensitivity 
Rating of the Watercourse is determined. It is important to note that 
in this step the highest of the ratings determines the Overall Sensivity 
Rating. This is to ensure that the most important component is the 
prime determinant of sensitivity. 

In Step 5, the ratings for the Sediment Yield Rating is multiplied 
by the rating for the Inability to Absorb Sediment and the Sediment 
Impact Rating is determined. 

In Step 6 the results from Step 5 and Step 4 are summed in a rating 
for the Degree of Potential Impact. 
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The system has been designed so that if a high Net Sediment Yield 
rating (Step 2) is obtained, the rating for the Inability of Surface 
Water to Absorb Sediment is high and the Degree of Sensitivity is low 
(Step 4), the Sediment Impact Rating (Step 5) will be high while the 
Degree of Total Potential Impact (Step 6) will emerge as a medium 
indicating that some erosion control measures are needed to the extent 
of reducing the Degree of Total Potential Impact to a low rating. 

Conversely, if there is a low rating in Step 2, a high rating for Step 
3 and a high rating for Step 4 the Sediment Impact Rating (Step 5) will 
be 2 and the Degree of Total Potential Impact will be high. In such 
a case, there is no way in which the design can be revised to reduce 
the amount of erosion and sedimentation. Thus the only action that can 
be taken is to ensure that the contract is comprehensive enough to allow 
for the correction of any mistakes in judgement that would result in 
the contribution of sediment to the watercourse. 

The system has been designed so that, in the event of a medium or 
high rating for Degree of Total Potential Impact (Step 6) the planner/ 
designer can re-examine the ratings in the various steps to determine 
if the individual factor ratings can be reduced by modifications to 
the design, thus attempting to lower the Degree of Potential Impact to 
a low rating. If such modifications can be done at reasonable cost 
and without undue impacts on other factors, the objectives of the 
project should be attained and a better project should result. 

In the event where it is impossible or impractical to develop a 
conceptual design and construction approach through the iterative 
process described, and a high degree of potential impact is still 
present, a more rigorous examination involving perhaps the calculation 
of erosion contributions from individual slopes using the Universal 
Soil Loss Equation in an interative manner of alternative generation 
and analysis would be appropriate. 
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FIGURE I -TOTAL POTENTIAL IMPACT WORKSHEET 



Step I - ideniification of Potential Impact Areas W.P 

Location 



Step 2- Sediment Yield 
A. Circle Ratings of 
Individual. 



Factors 



High Med, Low 



1. Runoff 3 2 

2. Soil Erodibiitty 3 2 
5. Topogrophy 3 2 

4. Area of Const 'n. 3 2 

5. Locotion 3 2 



B. Sum Ratings 

C. Determine Net 
Sediment Yield 
Rating 

High= 3, if sum = 13 
(/ed.= 2, if sum = 8 - 
Low = i , if sum = 5 



i 



15 

12 

7 



Step 3- Inability of 

Surface Water to 
Absorb Sediment 

A, Circle Rating 

High Med. Low 
3 2 I 



B. Enter Rating 



V 



Steps. 

A. Multiply Sediment Yield 
Rating by inability tc 
Absorb Sediment Rottng to 
Determine Seflimert Impoc^ 
Score. 

B. Determine Sediment 
Impact Rating 
High= 3 if Score is 9,6 
Med. = 2 if Score is 4,3 
Low = 1 if Score is 2, I 



■4= 



[ 



Step 6. 

A. Add Sediment Impoct 
Rating to Sensitivity 
Rating for Total 
Potential Impact. 
Determine Degree of 
Total Potentio! Impact 
High, if Sum = 6,5 
Med., if Sum = 4 
Low, if Sum = 3,2 



B 



Step 4- Degree of 
Sensitivity 

A. Circle Ratings of 
Individual 



Factors HlQh Med. Low 



Aquatic Ecosysn.3 



Recreation 
Consumption 
Water Eng. 
Facilities. 



3 
3 



2 
2 
2 



B. Highest Individ- 
ual Rating = 

Overall Sensitivity 

Rating 

High = 3 
Med = 2 
Low = I 



1 



^ 
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FIGURE I 
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(soils, slopes etc.) 



Environmental 
data (fish, watei 
uses) etc. 



i 



Sensitivity 

Analysis 

(Erosion) 



I 



High 

or 
Med. 



Modify Factors 
causing high 
or med. rating 
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Normal Design 
and Construction 



— _ 

Sensitivity 

Analysis 

(Erosion) 



I 



Low 



I 



Normal Design 
and Construction 



Computer 
Program 




I 



Apply U.S.L.E. in 
comparison of 
alternative design 
treatments (slopes, 
profiles etc. ) 



L 



I 



testing 

cost effectiveness 

(alternative designs) 



Project 
Data 



Rejected 
Alternatives 



T 



testing cost- 
effectiveness of 
alternative designs 
with alternative 
erosion control 
treatment 



I 



Rejected 
Alternative! 



X 



Consider use of 
sediment retaining 
devices 



Consider Special 
Provisions 



Incorporate 

into 

Contract 



Contract let 
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In such a case, the approach would be to examine the effects of 
modifying the slopes of the project in conjunction with other means 
associated with reducing the contrilnjtion of eroded materials from 
exposed slopes. Often the flattening of slopes combined with an 
early application of a highly efficient cover on the exposed soils 
will reduce the problem greatly; the calculations are probably of 
most value in detailing the degree of slope flattening, the type 
and amount of material to be applied and the timang. 

Figure 1 1 presents a flow diagram to show where the sensitivity 
analysis technigue just described fits into the preliminary design 
stage of highway project develofjment . 



5.0 Erosion and Sedimentation Control Problem Areas 

During the site planning and construction stages, particular attention 
should be given to the seven eroison and sedimentation control problem 
areas identified by (B). These areas are: 

slopes 

streams and waterways 

surface drainageways 

enclosetJ drainage inlet and outfall control 

large flat surface areas 

borrow areas 

adjacent properties 



5.1 Slopes 

Run-off velocity increases as the slope gradient and slope length in- 
creases. Particular attention should be paid to the erosion potential 
under the following conditions: 

(a) slopes are steep 

(b) slopes are without vegetation 

(c) soil erodibility is high 

Combinations of the above throe conditions often occur in which case, 
the erosion potential will be particularly high. 



27 



5.2 Streams and Wate 



rway; 



There are several characteristics that serve to identify 
streams and waterways that are particularly vulnerable to erosion. Streams 
which have a small channel capacity with steep banks which will create 
high velocities at times of storm run-off are very susceptable to erosion. 
In general, wherever exposed erodible soil along a stream bank is found 
especially in conjunction with a restricted channel, or sharp turns, 
corrective measures will have to be taken especially if the resulting 
development will itself result in an increase in peak flows. 

r -, Surface Erosion 

5.3 — — — 

Whenever water is collected in a drainageway before discharge 
to an outlet, its potential to erode is increased especially under the 
conditions experienced at construction sites. It is here where it is 
especially important to slow the water down - make it walk, rather than 
run. Often, because of the problems caused by the retardation of flows, 
this will only be practical in cases of low flows. The steibilization 
of drainageways will, therefore, have to be conducted. 

5 . 4 Enclosed Drainage: Inlet and Outfall Control 

Because of the increase in peak flows that often occurs as 
a result of the reduction in the retention of water on the site, stabil- 
ized drainageways may be inadequate to handle the flows without erosion. 
In such a case, enclosed storm sewers can safely convey run-off of high 
concentrations and velocities. 

The installation of storm sewers before major building construction begins 
can aid in controlling site run-off and in avoiding erosion hazards. 
Where storm sewers are installed early in the site development, the inlets 
can be so modified to form sediment traps which will cause the settlement 
of large-sized particles which otherwise would become trapped in the 
catch basins or transported to the outlet. A number of designs are 
available which involve either the excavation of the sediment trap with 
the inlet serving as the riser pipe or the use of various filter media to 
increase the depth of water in the drainage channel. In all cases, prompt 
attention must be paid to the excavation of accumulated sediments if the 
structures are to function adequately. 

5.5 Large Flat Surface Areas 

All areas of exposed soil are vulnerable to erosion. Clearing, 
gradina and vegetative restabi lization in these cases can be timed so that 
the extent of exposed area and the duration of exposure can be minimized 
<see Section 2.5. 1) Temporary seeding or mulching is required where large 
areas will not be permanently stabilized within recommended time limits. 



5.6 



Borrow and Stockpile Areas 



Borrow and stockpile areas, because they consist of exposed 
soil, need to be considered as significant sources of soil erosion, 
expecially in those cases where significant environmental impacts may 
occur. Under such cases, the three principles mentioned previously should 
be employed. In the case of stockpile areas, the location should be well 
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thought out in order that such piles are not located so as to contribute 
sediment to potential impact areas. However, there is seldom any valid 
reason for leaving a stockpile area un vegetated; the cost of temporary 
seeding is insignificant in cases where environmental impacts are 
potentially high. 

5»7 Adjacent Properties 

The protection of adjacent properties from accelerated erosion 
and sedimentation is an important concern. The earth-changer has a moral 
responsibility, if indeed not a legal responsibility to ensure that his 
work is of sufficient high quality so as to not create erosion and 
sedimentation problems on adjacent properties. The retention of sediment 
within the boundaries of the developing area and the design of the 
drainage system so that peak flows are accomodated by the drainageway on 
the adjacent property must be given the same consideration as is given 
to deal with similar situations within the developing area. 

6-0 Erosion and Sedimentation Contarol Practices 

Appendix I provides a list of most of the known erosion and 
sedimentation control practices along with an indication of relative 
costs and effectiveness. Although prepared from literature on erosion 
and sedimentation control practices on highway rights-of-way, many of the 
same practices are applicable to developing urban areas. 

Erosion and sedimentation control practices generally fall into one or a 
combination of these categories: 

(1) vegetative 

(2) structural 

(3) chemical 

(4) procedural - management 

"•^ Vegetative Erosion and Sedimentation Control Practices 

The use of vegetation of various types according to the soil 
type, climate, time of year, aspect etc. is one of the better known methods 
for controlling erosion. These practices always involve the use of either 
processed or living plant material so as to reduce the exposure of soil 
to rainfall or flowing water. Not only is vegetation used to reduce erosion, 
but it is also used to promote sedimentation and is employed in such 
techniques as vegetative buffers around construction sites and in hay or 
straw-bale sediment settlers. 

Vegetative practices can be further broken down into: 

(a) vegetative transplants 

(b) seeding 

(c) mulching 

6.1.1 Vegetative Transplants 

The use of vegetative transplants consists of the transfer of 
living vegetative material from a growing site to an area to be stabilized. 
Sodding is a common example, although the transplanting of trees and shrubs 
also falls into this category. 
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In general, vegetative transplants have the main advantage of providing 
an "instant" cover although some special care is needed before the new 
roots establish themselves in the new site. In general, the practices 
cost considerably more than other practices involving the stabilization 
of large areas. 

^•^'2 Seeding 

The application of seed to a prepared seedbed is a very 
common and relatively inexpensive erosion control practice. The appli- 
cation of seed is usually accompanied by the application of a mulch and/ 
or a nurse crop in order to not only provide for erosion protection during 
germination and grewth, but to also modify the micro-climate of the seeds 
so that the maximum germination possible is practically ensured. However, 
because of the length of time required for the young seedlings to anchor 
the soil particles, erosion, in the form of rills and gullies, may cause 
damage to the slope. The use of this practice is practically useless by 
itself for late seeding before winter, since a temperature of approximately 
42 IF is generally required for germination. The chief advantages are the 
low cost and the large area that can be treated in a short period of time. 

O'^'^ Mulching 

The use of mulch is similarly of widespread usage, since it 
too is inexpensive and will treat a large area in a short period of time. 
Traditionally, mulching materials consisted of straw or hay. In recent 
times, however, a variety of materials have been put on the market. One 
product consists of finely ground wood fibres with a tack and a green 
colouring. Another product utilizes a mixture of shredded newspapers, 
woodchips and waste raw cotton. Still another, called Excelsior Blanket, 
consists of wood excelsior contained within a plastic net. 

A variety of tacks can also be used with the mulch in order to provide 
a degree of stability against the effects of wind and water. One of the 
commonest tacks is asphalt. A rather innovative mechanical means of 
integrating the mulch to the soil has been tried sucessfully by the 
Ministry of Transportation and Communications. This practice consists of 
a heavy application of straw mulch (up to 2") following seeding. The seed 
and straw are then integrated into the soil by running a heavy bulldozer 
having deep cleats perpendicular to the slope so that the straw and seed 
is "punched" into the soil by the cleats. The straw not only provides a 
favourable micro-climate for seed germination, but is anchored ot the soil 
while the cleats ensure the contact of seed with the mineral soil while, 
at the same time, trap moisture and sediment to act as mini-sedimentation 
traps. 

Very seldom is mulching utilized without an application of seed because 

the extra cost of the seed is relatively insignificant and, since the 

mulch serves a major protective function for the germinating seed. The 

typical application rate for straw mulch for M.T.C. highway construction 
projects is 1 to 1.5 tons per acre. 

^'"^ Structural (Mechanical) Erosion and Sedimentation 

Control Practices 

This group includes by far the greatest number of erosion 
and sedimentation control practices. In general, they can be grouped into 
six cateogories according to function as follows: 

(a) retention. 
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(b) diversion 

(c) energy attenuation 

(d) slope modification 

(e) surface modification 

(f) filtration. 

As in the case of the vegetative practices described earlier, combinations 
pf these six categories are prevalent, 

6.2M Retention 

The retention of water is to not only reduce the erosive 
power of water, but is to permit the settlement of the sediment load. 
There are many different types of retaining devices, but the most common 
is probably the sediment trap or basin (sediment settler) . A sediment 
settler can range from a simple hole in the ground in a drainage channel 
to an elaborate pond complete with an earthen dam and a spillway con- 
trolling a water area of up to one acre. In all cases, the objective is 
the same: to remove unwanted sediment. The effectiveness of the larger 
sediment settlers in the removal of the smaller sized particles is vastly 
greater than the smaller settlers. Che cost of such settlers is often 
justified, however, by the need to reduce the sediment load to an extent 
that it will have a minimum effect on downstream water quality. 

Sediment settlers can also be made from gabions (10), straw bales (11) 
sandbags ( lO), and possibly logs. It may be noted that the use of gabions 
and straw sediment basins also make use of a filtering principle, but it 
Should be pointed out that the pores in such a filtering mechanism soon 
clog with sediment so that the structure more properly acts as a dam. 
Re f e rence { 1 2 ) provides good examples an how to relate the size of the 
sediment settler to the design storm. 

6.2.2 Diversion 

The purpose of diverting water is to prevent flowages onto 
and over areas of the job where erosion might be particularly damaging. 
Diversions can be used to intercept storm water before it reaches dis- 
turbes slopes or other exposed areas. They can also be used to collect 
run-off and convey it to a sediment settler. 

Generally, diversions are created by the earth-changer by the shaping of 
soil surfaces so as to direct water to a desirable location. The use of 
terraces and benches in steep cuts serve to prevent the increase in the 
concentration of water as it flows down the slope by collecting it on the 
terrace or bench and taking it to a suitable outlet otherwise the concen- 
tration and high velocity that would be experienced near the base of the 
cut would result in deep rills and gullies. The use of diversion applies 
the second principle mentioned above - make the water walk, not run. At 
the same time, the retention of sediment can be accomplished if the 
diverted water is made to move slowly along the terrace or bench. 

Ihe creation of a diversion can easily be accomplished by the use of an 
earth grader to grade a furrow of earth above a particularly erodible 
area. The water is taken along the base of such a furrow and deposited 
at a location where the concentration and velocity of water can be safely 
taken down the slope by way of a downpipe of channel without causing 
damage through the creation of gullies. 
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Diversions can also be created by the use of corrugated steel pipes cut 
lengthwise and anchored in the preformed diversion, by the use of rip- 
rap, gabions installed over a suitable filter blanket, or, in temporary 
situations, by the use of properly anchored sod. A recent development 
has been the use of filter blanket alone in ditch bottoms. 

A common use of diversions is to relocate stream courses around a work 
area. Although the construction of such a diversion will result in 
some turbidity, the degree of turbidity will be largely determined by 
the procedures used and the degree of consideration of erosion protection 
applied to the diversion. 

A 7 1 

°"^"^ Energy Attenuation 

Energy attenuation devices are commonly used in engineering 
practice; these applications, although designed and used to prevent 
damage to structures by erosion, will not be dealt with here. The 
second principle of making water walk is involved. Any mechanical 
technique that will slow the water velocity is an energy attenuating de- 
vice. A common example is the use of rip-rap in steep ditches while 
sod is often used in ditches with a lower gradient. In such applications, 
the rocks or the blades of grass serve to slow the velocity of water. At 
the same time, these materials prevent the transfer of energy to soil 
particles with their consequent movement in the erosion process. 

Where long, steep gradients are involved, energy attenuations are commonly 
constructed by imbedding bricks, concrete blocks or rocks into the con- 
crete or asphalt ditch lining so that the force of water moving down the 
slope drain will be retarded and its energy attenuated. 

The use of check dams, weirs and drop spillways made of a variety of 
materials, both tenporary and permanent, will reduce channel grade and 
dissipate the energy of flowijig water. 

Special care has to be taken that the energy attenuation device will ad- 
equately dissipate the energy of the water so not to damage banks or the 
toe of the structure. It should be noted that energy attenuation devices 
frequently result in a concentration of the volume of the water flow with 
a consequent increase in water velocity at the structure and, therefore, 
banks around grade control structures often require additional stabili- 
zation measures. 

°'2.4 Surface Modification 

Surface modification entails the use of some mechanical means 
of reducing soil erosion through the modification of the surface so as 
to prevent a transfer of energy between moving water to individual soil 
particles. A variety of materials are commonly used. Crushed stone, 
although expensive, might be used especially in those locations where such 
a material might form the base of proposed roadways, parking areas, etc. 
The use of such material, however, would be inappropriate where the 
anticipated land use was for lawns, parks, etc. where a grass sod was the 
desired cover. 

The use of plastic sheeting to prevent dislodgement of soil through rain 
drop itipact has been used; for example, during the construction of the 
C.N. Tower. The use of this technique, however, must consider the 
practical aspects; holes in the plastic cover might allow a concentrated 
flow onto the soil beneath the sheeting unless adequately anchored and the 
placement and maintenance might result in higher costs than perhaps the 
use of vegetative covers. 
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Other means of surface modification include the use of vegetative mulches 
especially to reduce the effects of falling raindrops. This technique 
involves the use of the first principle of minimizing the exposure of 
soil. Its effectiveness can be enhanced through crimping the mulch so 
as to create a series of small depressions which will not only serve to 
hold the mulch, but will also assist in retaining sediment through the 
application of the second principle. 

The use of paving materials will accomplish the same objective, but may 
result only in transferring the erosion problem to some other location. 



6.2.5 



Slope Modification 



In those circumstances where steep slopes will result in an 
unacceptable level of erosion, the flattening of those slopes should be 
considered as an erosion control practice. The use of retaining walls 
incorporated into a slope will allow the flattening of slopes above and 
below the structure within the same horizontal cross-section. Where 
slopes are steep and it is possible to flatten such slopes to blend into 
the development, this technique will certainly reduce the LS factor in 
the U.S.L.E. with a consequent reduction in erosion potential. 

It should be noted that the incorporation of a grade control structure 
into a stream not only serves as an energy attenuator but reduces stream 
gradient upstream and downstream of the structure. 

6.2.6 Filtration 

The use of filtration techniques frequently involve the re- 
tention of water so that sediment carried in water is removed as the 
water seeps through the filtering media. 



One common and inexpensive application of this technique involves the 
blockage of a tenporary water flowage with a truck load of granular 
material. The granular material (eg. Granular A or B) will act as a dam 
and will result in the creation of a head of water which will allow the 
passage of water through the granular material. The sand content of the 
granular will tend to retain sediment. It should be noted that the 
granular material will eventually become clogged so that the granular will 
increasingly become more efficient as a sediment basin. The danger exists, 
however, that as the granular becomes clogged with sediment, the head of 
water will increase with the consequent possibility of flowages around the 
structure. It is therefore only a temporary measure. 

A recent application of the filtering mechanism involves the erection of 
filter cloth vertically on a fence in such a way that water carrying 
sediment is impounded being such a fence and is filtered as it passess 
through the filter cloth. Again, as the pores of the filter cloth become 
clogged, the structure increasingly behaves as a dam causing the settling 
of sediment. 

6.3 Chemical 

Various chemical means have been developed which will change 
the properties of the soil surface generally by aggregating the fine soil 
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particles into larger aggregations. Thus the K factor of the U.S.L.E. 
is reduced, Ono chemical formulation is a mixture of fractionated 
plastic in a glue-like liquid. The mixture, when sprayed on soil, 
aggregates the soil particles but allows the passage of water into the 
soil especially in those places where slight ponding occurs. It has 
been found that the use of this material is not effective where large 
stones predominate in the cut (ie. stony tills). It is probably more 
effective where soil particle sizes are rather uniform and small. 

The use of an asphalt tack in conjunction with a vegetative mulch has 
already been discussed. An asphalt tack, however, can be used without 
a mulch. Such an application, however, may not present an aesthetic 
appearance, especially in an urban area. 

Synthetic materials, such as fibreglass are sometimes used as a sub- 
stitute to vegetative mulches. Such materials, however, are not always 
biodegradable and may create long term aesthetic and maintenance 
problems . 
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APPENDIX 



TREATMENT 
PRACTICE 



DEFINITION 



OBJECTS "E 



t 

EROSION CONTROL MEASIRES 
ItOADW.AV DITCHES 

ADVANTACrTS 



PROBLEMS 



Check Dams 



Sediment Barriers 



Structure used to stabilize gradi 
or to control head cutting in 
tiatur.-il or artificial channels. 



Temporary barriers or diver- 
siona that are constructed of 
sandbags or straw bales. 



Filter Berm 



Temporary ridge of gravel or 
crushed rock. 



Sediment Retention 
Basin 



Temporary dam or basin or a 
combination of both. 



COST 
RATn^V 



To reduce or prevent exces- 
sive erosion by reduction of 
velocities or by providing 
partial lined channel sections 
or structures that can with- 
stand high flow velocities. 



Retain sediment on site by 
retarding and filtering storm 
runoff. 



EFFECTIVENESS 
RATING 



Maintain low velocities. 

Catch sediment. 
Can be constructed of logs, 
shot rock, lumber, 
masonry, or concrete. 



Retain sediment on-site by 
retarding and filtering run- 
off in ditches prior tf> 
roadway paving and estab- 
lishment of permanent 
ground rover. 



Can be located as necessary 

to collect sediment during 

construction. 

Clean-out often can be done 

with on the job equipment. 

Simple to construct. 



Close spacing on steep grades. 
Require clear-out, 
Unless keyed at sides and bottom 
erosion may occur. 



I ow to 

High 



Formal design not required, 



Trap and retain sediment 
generated during construc- 
tion activities on-site. 



Can be located as necessary 
Simple to construct. 



Little direction on spacing and 

size. 

Sediment disposal may be 

difficult. 

Specifications must include 

provisions for periodic clean-out. 

May require seeding, sodding or 

pavement when removed during 

final clean-up. 

Target for vandals. 

Of little value in roadside ditches 

with even slight grades. 

Must be replaced when rotten or 

disintegrating. 



Low to 

Medium 



High 



Medium 



Removal of trapped sediment and 
clean-out or replacement of 
clogged filter material after each 
storm. 



Little direction on spacing and 

size. 

Sediment disposal may be 

difficult. 

Periodic clean-out required. 

May require seeding, sodding, oil 

pavement when removed during 

final clean-up. 

Fine sediment will not settle out 

In basins with short detention 

periods. 



Low 



Low to 

Medium 



Medium 



Medium to 
High 



•uj-a 



ROADWAY DITCHES C0NT1M:ED. . . 



THKATMENT 
PRACTJCE 



DEFINITION 



OBJECTIT.'E 



ADVANTAGES 



PROI1LEM3 



COST 
HATING 



EFFECT! VKN ESS 
HATSNC 



Ditch Inlets 



Sodding 



A catch h)asin in the tlitch. 



StnblizinK ditches with grass 
sod. 



To redirect surface runoff 
into Storm sewer system. 



Seeding/Mulching 



Pai'ing, Riprap. Rubble 



Erosion Check 



Application of seed with an 
organic or inorganic material 
mixed in to facilitate 
germination and hold the seed 
in place. 



Lining ditches with pavement, 
riprap, or rock rubble. 



Hatf-Culvert (Spillways) 



Porous, mat-like maierial 
installed in a slit trench 
oriented perpendicular to 
direction of flow in ditch. 



To stablize the ditch, to 
reduce Uam:ij<es from sedi- 
ment .ind runoff to ckiwusSrenrT 
II ri-'Ji.s, 



To provide vegetative covering 
as early as possible to reduce 
erosion. The mulch provides 
temporary erosion protection 
until grass is established. 



To prevent ditch erosion viY 
high flow velocities are 
expected. 



Sediment c r<n culled in sumps 



Kasy t(i place with n minimum 

of [>rcfj;iratiun, 

fan lur repiiirt'd liiirin;; 

ntnwl riu~liiin. 

tmnif"ili:it*> iHMti'i'Koii. 

M:.y iif ijsfil till sides of 

|i;(v»u| .Mi'lii-s III iirrrc.'isc 

C'lpi'ici) V, 



Kxpensive. 

Tare taken to prevent erosion at 

• lutift of sewer pipe. 

l>oes not filter out fine material 

as retention time too short. 



I'sually least expensive. 
Effective for ditches with low 
velocity. 



A half section of corrugated 
steel pipe placed in a ditch. 



Prevents formation of rills 
and gullies by permitting 
subsurface water migration 
without removal of soil 
particies auri by providing 
positive grade control of 
subsurface flow. 



To prevent erosion of ditch 
itself. 



Effective for high velocities 
May be part of the perman- 
ent erosion control effort. 
Minor repairs relatively 
easy. 



Ftoquires water during first few 

weeks. 

SimI nnt .-iIw-lVJ iv.iil.ihlr. 

Will mil wilhHl;ii)(l high vcliicity 
<<r sfvcri' .ibr.iKii'ii friiFii Hi-ili- 
nirnl load. 



Migh 



Medium 



Will not withstand medium to 
high velocity. 



C.Tnnot always be placed when 

needed because of construction 

traffic and final grading and 

dressing. 

Initial cost is high. 



i.ow 



High 



1 ow- 
Mediiini 



Medium to 
High 



High 



Energy dissipators and sedi- 
mentation basins often required. 
Steel pipe may become undercut 
such that function as a control 
factor is completely lost. 
Krosion may occur at outlets iin- 
less precautions taken. 
Sediment entering it \h carried 
straight thrfuigh. 



I ow 



Medium 



High in pre- 
venting ditch 
erosion. 
Ij3w for 
retaining sedi- 
ment. 



Medium 



Medium 



Ill 



itoAuwA"!' unc'UKS c(iNiiNri:n. 



TUCATMKNT 
PRACTICE 



IJKFINiTlON 



OnJECTlVTC 



ADVANTAGES 



PHOHl.LMS 



COST 
UATINn 



EFFECTIVENESS 
RATING 



Sulj-driiins Perforated 
Steel Pipe 


Pervious back filled treiiclits 
containing ai pipe wilii perfo- 
rutioiis or open joiiitii for tlie 
purpose of intercepting ground 
water ur seepage. 


llaed to druw off yurface 
water, lowers water table, 
reduces seepage. 


Heduces erosion hazard in 
ditch by reducing surface 
water flow. 




Medium 


High 


Excelsiur lilanket 


Prolectiv/e blanket used in the 
eslalilisljnient of vegetation in 
critical areas. 


As a niuhli it conserves soil 
moisture, serves as an 
insulator against intense 
solar i!ii.>lation, dissipates 
energy from falling rain- 
drops and reduces erosion 
caused by overland flow. 


Hesi slant to erosion by 
concentrated storm runoff. 
Can be used iri critical areas 
such as swdlea, ditches, 
steep slopes, highly erodible 
soil etc. 


Poor adherence to soil. 


\ ery 
High 


Medium 


I'lliui'Kluija Miittliig 


I'lexilile niiLTijluuii iiiadu of 
inorganic nialerlalB that will 
not rot, corrode or Ijurn. 


Uued In construction of 
erosion chucks and as u 
fmilcli for seedbeds. 


C'un be used as a niulrh 
blanket where loiig-terMi 
resistance to erosive fifcces 
is desired in cunjuiicludi 
with vcgelatlou. 


1 'ooi' adhereiicu. 


Very 
IPigh 


Medium 


Cl.iHsruut 


1' lijcrulass mulch proiJuct 

fur line on newly aeeded areas. 


As ii iniilcliing product It 
coriserves soil iiTolsture, 
inauliitcd ai^aliiat Intense 
solar energy, dlasipiitea 
energy frtjrn falling rain- 
drops and reduciiB erosion 
caused by overland aliecl 
flow. 


Will not read or decoiii|i<ise 
when ex^Kjsed Ui waler, sun- 
light or cheinU'iils found ill 
the soil. 


Difficult lo handle. 

1 


Very 
High 


High 


Jute Ncllliig 


Heavy woven Jute mesli of 
rugged conalruclion used in 
cataliliahmeiit of vegetation. 


Ab a mulct), conaervea BOti 
moisture, insulates agalnut 
Intense solar isolation, 
disuliialea energy from 
falling ralndro[)s and reduces 
erosion caused by overland 
flow. 


Can wllhaland Uie higher 
flow velocities associated 
with critical swalea. dilclies 
median strips etc. 


Use of erosion t:hecks in con- 
juncllon may be required. 
Pnavailable. 


Very 
High 


High 


Mulch Blankets 


Composite of cellulose fibers 
honded to)(elher Into u blanket 
to lie used In ealnlillahtuent of 
voKL'tiitlon In ciltlcul ureua. 


Aa a mulching product, con- 
serve soil molatuie. Insulate 
a^alnut Intense solar nulla- 
tlun, dissipate raindrop 
unurgy, and rutluro urouliUi 
cuuauil liy ovurliind How. 




Coat of application high. 


Very 
High 


Medium 



TW^ 



TREATMENT 
PRACTICE 



UEKINITION 



iv 

lUJADWAY DITCHES CONTINUEl) 

OUJECTIV^ ADVANTAGLS 



HHOBI.EMS 



COST 
HATING 



EFFECTIVENESS 
RATING 



Netting 



I'liibUc iiiit-T siiL-m 



Str.jw or 1 1 jy 



Woodrlilpii 



Nutiiral or synthetic (iber 
iTiulcli securely unclioreil un 
semJed areas or areas 
temporarily stabilized witli 
iiiulcli tucking; (Jroducla wlili h 
are iiiHufficterit. 



Cliilli woven of noly|)ro|jyl«irie 
iiioiiuriluiiient yurns .secured 
lo Holl surface with sct-Lirirv^j 
pliLij ,irul stapluu witli ftljLT' 



To liold seed in place and 
also to reinforce newly 
placed turf tliat may be soIj- 
ject to severe runoff veloc- 
Itluy Ijufore tiirf liiiu tukun 
prtiper tiold. 



lleplacemeiit for (jiaifcd 
filter bystenis und filter 
ijLuiktit^ irt cutLJuiict ion witli 
many liydraultc strucitureii. 



Strjw or liay used as .1 nuilcb 
pt-r^duct on newly jjcctlcd are.iu 
or irH 11 lem|Miriii-y nuj.ifiurc to 
jtriitet't liure Hull area^ that 
li.ivt: [lift lieen .4eetli;d, 



riilpM of wood proilured by 
proruusin^ tr'ee trunkal, liniba, 
liraiK'lieu etc. In wood clilpplnfi 
iiiaclilneij. 



Aa a iinilch, conaurves aoll 
nu/iHturc, Innulatua u^itin.st 
iril(;iise Holar cnerMyi 
dissipates raindrop enernv 
and ri.-iluceu croali>n canned 
by n veld aJld 'flow. 

1. 'I emptirary or interim 
eroatiin runlrol lerlinl(|nu 
to pr<itect bare Holl are.iu 
lliat have not been seeded. 

2^ Mulch pruduct un newly 
Heeded ureaH. 



Can be applied I'y liaml 
ifpreading on Hinal) philn and 
by mulch blowing; eijniptiient 
(HI l.trf^er areas. 



Ilueful us u niukli wtien u.sed 
wllh lute fall deetlluij 
(.ipurutluiiB that require pio- 
tectlon over winter. 
ICeiluLe autotint of open 
burcdriij. 



Not flexible. 

.Mtcr growth started, ineffective 

as erosioi^ control. 



I'oor adbeteiice tu soil. 



Straw and li.iy nmUli sliould lie 
t.icked In [jridecl ajtaln.ll winii 
.oul waliri* i!i'ii.4iiin. 
Com- enllMted fh>w will w.iHli 
iiliMvy and li.iy off. 



-apilpnient .ivailalilllly. 

>n luit pruihu o ^ood ^ir'iiwlh. 



Very 
liieli 



Nigh 



I ow 



Medium 



M edlu in 



Medium 



Medium 



Medium 



IliKh 






noA^\V'^v st ni- \ri: 



crisT 



i:i r j^iCTivrNi:?"^ 



TIIKATMFNT 

piiA(:TK:r: 


DrKlNlTlON 


OFt.lKCTIVi; 


AnvANTArr.s 


riu>i!i i:ms 

— r 


UA'I INC 


itAiiNr: 




frownirvR In Ditrh or 
SInplnE tn Single Hrrtn 


Clr.TiUnB (hp rorul so tlint riiri- 
(iff Flows off Into rlltrli "r a 
hrrTT>. 


Diir-. tillR "ilirr.Trt- nallT to 
r\ prpp.TrrH or prntcrtml 
<l|l(1i 1(1 iiiinimij.c prnslon 
rontiTil niiiofr. 


i:;im- lo roiiRlruct. Ni'ue - slioulil I.e p.irt of E'""! 

r oust ruction proretdires. 


1 ..« lllcli 

i HI- iliel^ 




C'nmpnrlion 


MoflKintrnl coni[ire^>!inc <•>( 
auh^Tniie or Br.Trnilnr C">trsr<; 
lo optlmuni ilensltv. 


1 o ro'liirc rrosion. loose or 
!iTirr>mp;irtr<l mniorinl Is 
inoiT siiljiorl to erosion, 
linnl lift or pnch rl;iv's work 
should hr writ roniprirlnl 
ami liladpfl to lirnln to Hilth 
or lirrm scrllon. 




N'onc - shoiilil lie p:irl of E"0'i 
construe lion pr^nTdiires. 




A^RrffT-alr f'nvrr 
(('rT-nvcl ShrntInK) 




Ill:inkpt nf (fmrmlnr nintrrlil 
on rnnrlwav siirfnrr'. 


I'rovlrlr n n)ri(prlnl wlilrh Is 
rv«1 r.isllv rro'lpf!. 


MInlnilj.rs siirfnrr erosion. 
I'prmttH ronslrucMon Itafflr- 
iliirinp nilversc wcullier. 


Hr:|iiires worktnc anil coin- Hlcli 

p.irlton If pxpivopil fill- loop 

piTlml'f of lluip. 

Loss of siirfnce r>EBr('c:itps <-an 

bp nnticipntpil. 


HicI' 




I'lUcr norm 


Tcni|w)riir.v riilpp of grnvrl nr 
mialvnfl rock rdnstriirlnl 
ncrosn n Rrmlpd rlglit-tif- way 
(Imt (q not Riihjrrt to 
vrlilmlnr trnfflf. 


Ilplnlns sp'liTiicnt on-site liy 
rrl:irthnE an'l riltrrluR riiti- 
<ifr 11 title at llip snnie ttnip 
nl 111 wine riinslrurllon 
(rnrfli- to proem! jilnliH 
rlElit-or-wn V. 


F;isv to construct. 


Rcmov.Tl of Irrpped serllmeni 
ami cleanmit or rppl:iccmenl of 
cliifgeii filter nialerlnl after 
earli slorni. 


1 (IW 


Meiiliini 
Mntiuni 




lntcrrrp^''>r Dike 


rt tprnporarv rliige of rorri- 
pactctl soil ronslructcrl nrross 
.1 grndpii rlRht-of-wny thnt is 
not subject to vehicular trnrflr 


Urilurr erosion liy Inter- 
rpptlng storm runoff ,Tntl 
rilvortlnp It lo temporary 
outlets wlicre It can be ttis- 
pnsptl of wilti minimal 
erosion. 




Inspect after each storm, de- 
pairs nmst he coroplpferi before 
next niorni to onsiirp apnlnsl 
nlruclural failure. 


1 /IW 




Paved Cutter 


rnvcfl nsphall putters con- 
striirtrtt nt thp nutpr pcIro nf 
the pavert shoiil'iprs. 


lo proterl shoulders nn 
stppp prailps and prevent 
ernfilon of Iho slopes. 




Erosion control such as slope 
rlrainn or catch hafllns renulred 
at outlet. 


M p'l 1 1 1 m 


IMch 





















TREAT MEKT 
PRACTICE 



CVT SI OPES 



DEFINITION 



OBJECTIVE 



ADVANTAGES 



PROBLEMS 



COST 
RATING 



EFFECTIVENESS 
RATING 



Berm top of cut. 


Earth ridge constructed alone 


To ilivert water from cut 


Mav he constructed before 


Access to top of cut. 


Low 


Medium to 




top edgea of embank mentfl + 


slope and collect it for 
slope drains/paved ditches. 


grading is started. 
Minimi?.es disturbance of 
existing vegetation when 
used rather than diversion 
terraces. 


Difficult to build on steep 
natural slope or rock surface. 
Concentralea water and may 
recpilre channel protection or 
energy dissipation devices. 
Can cause water to enter 
ground, resulting tn sloughing 
of the cut slope. 




High 


Diversion Hike 


A temporary ridge of soil 


("oUecls ^ncl diverts water 


May be Incorporated in the 


Access for construction. 


low 


Medium to 




constructed at top of cut or 


frfim cut slope to reduce 


permnnnnt project drainage. 


May be continuing maintenance 




High 




fill slopes combinerl with a 


ertjsion. 




protilem if not paved or pro- 








crown ditch to intercept sur- 






tected. 








face rnn*iff froni thp slo]ip 






Disturbed material or berm is 








al>ove ami comliirt It (u slope 






easily erorjed. 








ilrnlns or nntnrnl w.itcr 














courses on miltter slopes. 












Slope Benches 


Large steps or henchps cut 


To slow velocity of sur- 


I^rnvirles access to slope 


May cause sloughing of slope 


Medium 


Ijow to 




into slope. 


face water ;inrl collect 
sediment. 


for seeding, mulching and 
nialntenance. 


if water infiltrates. 
Requires additional right-of- 




Medium 








Collects wntcr for slope 
drains or may divert water 
Irv ru^turttl ^nMind. 


way. 

Not always possible due to 
"rotlon mBterlnl etc, 
Itequlrea maintenance to be 
cffecllvc. 
Iticrcnsos excavation quRntttfes 




1.^; 


Slope Drains 


A channel of concrete, pipe 


To collect surface water 


Can be temporary or part 


Requires supporting effort to 


High 


High 


(l'l|jo, I'livcil rlr, ) 


etc. to cDii'luft «iiirint' run- 


ntiil lhrr-r]*v rtuliu'o 


iif piM'Oiiionnt cim«t ru«-tlon. 


collt^ct wnirr. 






off from the lop of n slope to 


erosion on the slope. 


("an he conslrnrted or 


I'ermnnenl construction is not 








the iKiltoni of the slope. 




extended as grading pro- 
grensen. 


always cnnipatlbic with other 

project work, 

Usually requires some type of 














energy dissipation. 






Scerllng/ Mulching 


Application of need with nn 


To provide vegetative 


Temporary or perninnent 


Difficult to schedule high pro- 


Low 


High once 




organic or Inorganic materia 


covering as early as 


seeding may he used. 


duction units for small Incre- 




grass 




milled In to facilitate ger- 
mination and hold the seed 


possttile to reduce erosion. 


Larger islopes can be seeded 


ments. 




established. 




The mulch provides lemp- 


and mulched with smaller 


Time of year may be less de- 








in place. 


orarv erosion protection 


equipment If stage technique; 


sirable. 










until grass is rooted. 


are used. 


May require supplemental 







water. 



/m>. 



■.:'- -if 



VI! 



err SI oi'T's roNTiNiFn. 



TREATMF.NT 
PRACTICF 



DEFINITION 



onji'rnvF: 



ADVANTACrS 



riioni FMS 



COST 

HAT INC 



FFFECTIVENFSS 

RATING 

















Spp'llnH / Miilrhing 
Con! Iniip'l d 


■ 






C'onlr.ietor ninv perftirni this 
operiMon wltli untrninpil or 
imPxperienred pprsonnel nml 
Inndeqiinte pinilpiiienf If sLige 
seedinc Is reipiired. 








SoO'iin^ 


SlnlilIl7.inE crfiRWe artris with 
Krnss snil. 


'Vn ^l.-ilillizn .nIf'poR Irnii^o- 
<H:i(rlv, llirrfliv rciliiiinc 


T'rovitips Ininirdlnfp pro- 

(prllnii. 

C^in lie nqpd tn prnlcrt 

ndjnccnl properlv frfini 

Bpdirnent nml tiirlildUv. 


DIfflridt tti plnre until rut Is 

rontplete. 

Sod ncil nlwnvs nv.Tllnlile. 

Mnv he expensive. 


Medltim 


Medium to 
lllffli 


rlftr^M'. 


fnvprlnR the slnpp wild ,t 
];ivf'r nr p;ivrjiirti( tir rljiriip. 


T'l prt^vi'lf initiiprllntr prr>- 
Irrli^in fiiT liich riwk nrrns 
iir^tf urflrr ^IfMir-tiircp. 


Mny lip rnst In plnre or nff 
«ltr. 


llxpenslvo. 

IMffkidt li> pl.Ti-p on lii(!l> fllopei 

M.TV lie dlrflnill lo ninlnlnln. 


HScli 


IIIbIi 


f : riTi'ilnr illriTikrt 


A r 111 2' Ihirk lilnnUrl nf 
rT\;itcrl.Tl .mirh nq Crnnulnr 
H:i=;c Coiirsp <"l.ns>! "H" [ilriml 
cvrnlv over the Rnrrnrr of 
RUiprfl rnrnprl?;rrl of vrry 
pr*>^lvc flnllfl. 


Ill prnvitlr ,'i Rlnhlo, frpf* 
ilr:iinlnc Rlopr- ninlrriril. 
P'nrtii iihirlv sMlNihle »li(-n 
priiiiri'l w;i1rr PiiirrECR 
Ihrotijlli 'hr qnT'frirn qnll. 






iKnii 

lllBli 


lllpSi 


Trniprvrrirv ! Mfi-^M'- 


I'liistlfR In wl'tr rnlln niu! Irtrpi 
.nlirp(H pl:NiTfl nvf r ."ildpn. 


'I If pnivldr Irrrijwirnrv prn- 
[prtlnn Fnr (Hi (ir fill qloppq. 


F.nny lo pinre nnri reoimr. rrovlilpn nnlv tenipumrv 
IlBpfid to prnterl Idgh rlsli pmtcrllon. • 
nrPiffl frcirn tcnip(>rrirv (Trl^lnnl snrfnrp iiaunMv 
crnqlnr^. roinilrcB nddllon;il lre;driiriit 

wlirii pinfltir rpiiiovrd. 
Must Ue .nnt-luired t(i prevent 
wind d.Tmnpe. 

If not properly nnrliorod nt top, 
water will trnvel over slope 
uniler Ihe plnntir. 


MerUiiui lo 
Hip;)! 


Srmted Slr>pc 


SlcpB rut to ttic contfjur In 
snft rock nits. 


Trj lowor vpltjrjly ol rtnrfnro 
runoff anr! rdllort. sedlnienl. 
Aids (n estalilinhment nt 
veEptnlerl rover nn decom- 
posed rork or shale slopes. 


Holds moisture, 
IVlinlml7.0s aninimt of 
sediment reachln(r road- 
side ditch. 


M-ny cnnne nilnnr slnitphinp 
ir water Iririltr.ites. 
Construetion compliance. 


1 /tW 


Medium 

















CHI si.ftrT'.F; cnN'r mi'F.i). 



TRKATMF.NT 
rRArTKF, 



nFFTNTTION 



OllJECTIVK 



AnVANTAG?:.S 



PROHI.KMR 



CORl 

TIATINO 



FFFFCTIvr.NESS 

flAI INT, 



InlrrcPptlnp lltlfh 



An iHitU'l ciniHlriictcil :i( /crd 
Ernilp nrrdss .t slupo wHrrr 
ronrpntrnlni ninofr ninv lin 
sprc.Tl i>t non-crofllvr 
velcirlHca over unillHtiirhcrl 
arras stahllize'i by existinp 
vegptatiiin. 



Dltrlics riiililriirtnt In I'lf Turr 
of licnrhrfl In tlic cut ili'|ic. 



Siilirir-'ilnn 
(rrrrnrntpti pipr) 



Tt'iMEhncH.i nnd 
Srnrlfirntidn, 



To ri'tivcrl riinrrnl riitPil fliiw 
Into nlirrt Dow for outlpt nt 
ncin-i!rnslve veloctlloR onto 
areas stabilized li,v vPEPlatlnis 



Chemtc.il Soil Stahll- 
iicrn, MiilrhPH nnH 
M.iilrll 'Incks 



liber Mulches 
Mulch niankcls Bn<t 
Nettings 



f'rrvidim l>:irl<riUnil trfncbps 
conl.TliiInu n pipe wllli |"-r- 
fornftons or oprn JnlntB Tnr Itic 
purpoip "f Inlcrrcptlnc Rro^ind 
wntrr nr sorpnpc. 

KoiiplinrsK Is tlip iinci'Pn or 

tuiMipv cnnrilHfin "f tli'' soil 

qnrr.-lCP. 

Sr.nrltli-.ihon Is ttip prnrras "f 

looacninK or sHrrhiR the soil 

lo flllnllnw flr-plhs wltliioil 

tiirnint; It ovrr. 



To rhi'rk vr!<irll\ "f flow on 
llir sli')"" iiml IhiTfhv loiitrnl 
rrnslon. 

|iqc(l til ilr:iw iifr niirfncr 
wntPr. r.owiTR wiitfT Inhlc, 
rchirf's srpp:t(^o, Fartlv 
(llrorloil lownril slnpr sin- 
hllllv mill rrosSon nmlrnl. 



I'rirnwil ilrflJK" ni't rC'inlroM. 



rhpmlcal pmiilslons sprivc* 
on Hrnnilnl (nrrfnrps, Kcoiinl 
.THfl nuilrlipd siirf.TCPn or nilx- 
erl In with BcCil/ rtiulcli rnlxturp 



Plows flown flow vplnrltv an'l 
prtlinncc*' wnfpr Infillmtlrjn. 



Oiillpt lip iiiiisl l)P cx:n-l!v SpvpI 
ami iinlforTii from prul to orvl 
or conrenlratPrI flow and 
consequent erosion of stahlll/pil 
area will rPsnlt, 
finly built wliere spreaHer on 
iinrlisliirlipfi soil and wberp riren 
dirpctly below level ]tp Is 
stabilised by vegetation. 



Itopriivrs Rpi-rllng arvl si 
snccpss. 



.Unr 



SF.v, ROAiiwAV nnriiFs 



1. Tpnipot'nrv soil statiillza- 

tlon. 

2. Chi^rnif'ul niMJrh, 
1. Miilrti lark. 



Can be used to prolppt de- 
nuded snil frorTi wind and 
walpr erosion diirlne del.iv" 
In Eradlng operations rhirinK 
hot and dry periods, after 
final E^adloK. or nnttl ppr- 
nvanont ^eedSop i«^ possiblr. 



Pipe may beriioic filled with 
flpdlnipnl. 



I ow 



Mrdlii oi 



Moiliiim 



Mpflbon 



Special fipray ciulpment 

rpqnirPd, 

Cannot he applied In siih- 

free7.1ne weather. 



I t>w 



Medlnni 



lllph 



UIrIi 



Mediuto 



illEh 



THEATMHNT 

ruAcrrrK 



(IJiverston IJike) 
tlprms n\ Top of 



Slnpr Drnlns 



I'lH Hcrnis or 
Henrlirs 



SepHlnn/MulrhlnB 



Finddlne 



Srarificattnn. 



rii.t. Rl.oi'its 



DF.rtMITSON 



(iii.iixrr ivc 



ADVANTAr.I^S 



rjiniii.FMS 



rnsi 

HAT INC 



FFFKCTlVrNKSP 
IlATtNC 



Earthen or R'lil mnrnl illkrs 
rnnslrurtert along shnuMrrs o 
rn,irlwnys. 



In prrvcrit riinorr of emliftnlc 
f nietit siirfnrr frnni flnwinc 
nvrr fill t;l<i(ifB ,TM'l llicre'iv 
rnrliirr crffsi'm lin/.Trfl, 



rhnnntrls of cnncrrto, pipp rtr 
to cotviiJct •iiirfnre nitwiff from 
Hie tnp or Blnpr (" Ihr linlltmi 
of tti!> slope. 



slnirtf'l on .n fill fllopp. 



Applir.it ion of seefl with .in 
orRanlc or InorRantc nmlrrinl 
mlxetl In to rafililale EPrmi- 
nation and hold the scei! in 
plare. 



StahlHiing silt - proriiiclne 
arca<( with grass sntl. 



To rouelipn slope snrface tiy 
Hisring and light scarlftration 



In )irr.vcnt rill fllnpp erosion 
rnnBeil liy enilKinknienI siir- 
t^rr rimoff. 



I ti Blow velnrltv of nlnpr 
rnnoff nnd rollrrt serllnient. 



To rrdnre erosion hy 
providing a proferllve cfivpr 
llierr'li.v dprrensing the 
(>erlod .T slope 1b left tiare. 



To slahilljo the arBn, to 
rediire damaeefl from 
sediment nnd runoff to 
downstream areas. 



Slows down flow velor-U.y 
and Pnh.TnreR water In- 
filtration. 



Cnllert rnnoff for slope 
drrtins or pniterted ditrli. 
fan lie placed as ;i part of 
llir norru.Tl eonsi ruetioo 
operation and lncorp<»rated 
Into fills or slioiilders. 



Can l)C construrled of full 

and (i.nlf sertinn pipe, 

lilliiniinous, niet.'il, rtmc-rele 

plastlr. or otiier wnlerproof 

materinl, 

{'an he o^dcnded as ron- 

strnctlon pro(rresseB, 

May be either tentpfirary or 

permanent. 



Cooperalion of ronstr'irtton 
operators to pi are final lifts at 
rdge for sliapinc Inio lieroi. 
I allm-e lo ruroparl mitslde lift 
when unrk is resumed. 
Serllnient Inillrliip and lierm 
fnihire. 



Pr*'vide-S aerrss for main- 
tenance. 

Collerts waler for slope 
drains. 
M:iv utilize waste. 



Mideh thai Is rut In or 
otherwise anchored will 
rollerl sediment. 
The furrows made will al<;o 
hold water and fiediment. 



rrovides Immediate 
protection. 



Improves seeding and 
sodding sucress. 
No special equipment 
required. 



IVrmanent ciinfltrtictlon as 
neerlcd niav not lip considered 
deslralile l>v rnrilraclor, 
Iteinoval of lrm)Kir.irv tlr.ilns 
inay rlisturl' prowini; vegciation. 
i;ncrgy dlsslp.dlon devices 
rrr|Mired at niitlefs. 



Ilequircs adrtldonal fill materia 

If wa>itp Is nol avallahle. 
May cause .sloiighhic. 
AildlHiirval right - ii f-wav m.iv 
tie required. 



Reedlnj; season mav not he 
f avotirahlc. 

Not lflO*n effective in pre- 
venting erosion. 
Water may he necessary. 
.Sleep slopes may require 
Bupplemental tre.itmenl. 



Material not always .avntlalile. 
Application during dry periods 
requires additional rare. 

Sod may slump. 



1 -O w 



High 



I ow 



I ow 



Medium 



1 .ow 



Medluni 

to High 



High 



1 .r>w * 
Metihim 



High wlien 
vepel ation 
e f:t aid islierl. 



Medium to 
High 



Medium 



KIM. SIXII'KR CdNTINUFl). 



TREATMENT 
PRACTICR 



DEFINITION 



on.TFrTivT; 



ADVANTAGES 



PROBLEMS 



COST 

RATING 



EFFECTIVENESS 
RATING 



Clipmlrnl Sfiil .Tnfi 
RlablHzers, Mnlrhcs 
nntl Miilrh Tnrt<>; 



lllK>r Mnlrhefl, ) 

Miiird UlnnkPla rinil ) 
Ni-tllngs J, 



Chpmical emiilRinns iisefi :i« 
Ipniporary snil stahili^prs, 
mulches .IntI mulrh tarkfl. 



SKK lUIADWAY nriC'lliiS 



1. ■Ipnipnrnrv soil 
stnhtliznt inn, 

2, C^hf^nilrnl Miilrh, 
.1, Miilrh Tnrk, 



fan be use'! to protect ile- 
ruMlrff Roll frnni wtnH nnH 
uunlpr erosion fliirine rirl:iys 
In (fr.ifitng nj>drn1ions rlurlng 
hot nnd dry pcrtoils, after 
flriiil ern'line "r until por- 
n^nncnt pep'llnp is poflslblp. 



Sppri.Tl Rpr-nv Pqniprnpnt rp- 

qutrprl. 

C'nnnot be applied In sub- 

freczinE weather. 



Medium 



nieh 



m 



PHOTKCTION nl' AD.TACl'NT flitHTm V 



TREATMFNT 
PHACTICK 



DIFINITION 



Uriish Unrrlcrs 



Straw Flale Harriers 



Scillturnl 'I'mpfi 



Secilrncnintlon M^Rln 



Energy Disnipnlors 



I.evGl Spreaders 



A hnrrior rnnslpHn(< i>f 
alnslilriE. logs ctr. 



A harripr rnmpos«»(l of sfakcH 



■rf>nif)f)rnrv 'Inni nr liiiiln fir 
n rr>n^t)lnntlnii nf hotti Ih^t 
will tr:tp nnf! fltnrc sprllnipnt 
protlurcti nTi Pxpnflrft Arfrip 
find [|r'Hv(>rp'l ll> thr- qtriiiliirr 
hy slnrni riinfvTf, 



A lonipornry or iiPrmniictit 
Inrccr forTii of n flr^flijnrnt 
Imp witli st^ri'liip plpo, 
rrnprccncy spillway olr. 



riH.IEflTIVK 



ADVAMTAOFS 



I'FlOni.KMS 



COST 

HATING 



F.FfECTIVi:NESS 
BATING 



A strijcdirc siicli as ronrretP 
or wooden hafflrs nsnl fo 
reduce velority of ronren 
Irntpd flows hpfore thcv 
r.irry onto adjarnnt properly. 



An outlet conHtriicler! at rero 
grntlc across a slope where 
roncentraletl ninorf may be 
sprenil at non-eroslve 
velorlties over nnflistnrhrd 
nreaa stabilized liy nxisting 
vegetation. 



To t rr-ate rlr|yi<^iH'in of 
seilinu-nt in Rniall fan<5 below 
eint'ank nieni arcis. 



■fn rrfiur-e uelorilv of nrnoff 
and filter seiHmcnl and somr 
turlddi'y from riinoff, 



'irnp ■nid retain nrrtlnieiit 
gnneraleii during ronstrnr- 
tioTi .'irtiviltrs on-sile. 



"[(1 trap nnii store serhment 
frtini erriiliblr nrerrs in 
or'ler lo pmlert propertirs 
tirlow tlie inslaJlallon from 
eKcrspivp 'slllalton. 



Slow veloelty lo permit 
seflinient rollcrlion and to 
minimi/.e rhanncl crnsion 
ofr pri>jrr t. 



Convert i-ollected vlinnnel 
or pipe flow barlt to stieel 
flow. 



I'^r =;lasblnjr .ind log"; from 
clearing operations, 
(an'bc rovorerl and seedrri 
rather than removed. 
Fliniinales need for Inirning 
or disposal off rigtil-of-w:i\'. 



Str.Tw is readily nvatlalile 

in must areaFi. 



("ollpct much of srfllnirnl 

spill from fill slopes and 

storni dr.aln filicides. 

Ineypenslve. 

Crin tie rtcnncd mil ;ind 

expanded lo meet neetf. 



f\-m tip designed t<i tiiTidlr 

Irtrge vfdnrncs r>r flow. 

itoDi *?cdlnient ami tiirbldliv 

are removed. 

May be inrrirporateii inlfi 

permanent erosion control 

plan. 



Can he part of pernianeiit 
erosion control. 
Diirntde. 



Avoid channel easements 
and cnnslniction off project. 
Simple to construct. 



i\r.iv be considered nnslglitlv in 
virhan areas. 

Mny be washed away in heavy 
rain slorm. 



lleqiiire removal. 
Siihjcrt (o vandal flainage. 
Ilow Is slow (hroMgh straw 
rpqniring considerable .area. 



Does not pliminale ali setlirnent 
and Ivjclililitv. 

Space is not nlwavs available. 
Must be renui\ed (usually). 
Ilequlrea r.intlniious clean out 
dvrrlng const rue tion. 



Require prior planning, 
additional richl -of- wav and/or 
flow ea Benicr\t . 
If removal nore^^sars". can 
present a major effort duT'lnn 
final construction stage. 
Clean out volumes ran lie large. 
Access for V'lean tint not 
alwavs convenient. 



Collect deliris and require 
cleaning. 

Ileiuire si>ecial design and 
construction of large stiot rocl< 
or other suit.alite material 
from project. 



I.ow 



Adequate spreader length may 
not be available. 
Sodding of overflow herm is 
required. 

Must be part of a permanent 
erosion control efforl. 
Maintenance forces must main- 
tain spreader until no longer required 



I.ow 



1 t>w 



Merliiim 
lo iligh 



1 ow 




High 


r 


ditch 




inrliii 


e.t 



I .ow 



Medium 



Mediiin^ 



lligti 



High 



Medium 



'^^jM' 



TREAT MfTNT 

riiACTir:F: 

Strip 



DEFTNITION 



I'HOTI'.niON OK An.tACFNT F'llorivRTY rONTINUFK.. 
OIl.lFCTIVr ARVANTAOES 



PROni.EMS 



COST 
n AT INC 



efff:cth't:ness 

IIAI ING 



An nren of vccel.ntlvt? rover 
tlirtuiRh whicli storm wnt(?r 
nnist flow before It enters 
slrp.TiTis, storm spwerK. 
conrltiitR, adjncent propprty 
etc. 



Remove Bom(? Rrrliroent from 
rnnofr w;iter hv fillerine anri 
Ivy ErTvtty sedimentation as 
tlir flow vplority Is rPHiireH. 



Filter atrlpH can he nnturnlly 
orrvirrlnp or man-madp. 
Preservation of area only 
maintenance often retiiiiretl. 



High flows codIiI ranne Riillv 

erosion. 

May require adrlilional rigtst-of- 

wav to be effective. 



1 ,ow 



Mcftluni 






n IIKATMKNT 

I'liArnci: 



f "nn*itrii<'Hr>n fHkr 



(V^ffpr Il.im 



'I'rnipornrv .^trrnr 
I )t vf^rnlnn 



niprnp 






i>r;i-iNiTinN 



ori.iiXTivi; 



ATlVANTACrS 



Tcmpornry C'ulvprlR 
for lliiiil nunilfl 



riocfc-I.tnP't I.ow'l.evel 
Crosslni! 



An (-.'irlh dniii cir dike to rr-strili 
wntpr rroin n rrjn^^trii' M'mi silt 
In Uip wnl rr. 



A l),-irrtcr built In (ho wDior sn 
ns lo fnrin an r>nrln<iiirc rrnrn 
whlrh the w;itrr fs puniprd (n 
penult frre nf-cpRS In tlif nrfn 
wltlitn. 



"leiTipfirarv rh:iti(;lnK (''^ 
rlinniicl nr rniirfic nf n strfTin 



UrTlf frfVBiiicnls linlnq bnllniiifl 
nnil hnnkR of Fturrnrp wn1or*i. 



IMpp rulvorts plnrr^d nt .ilrunni 
rrfiflalnps of liniil rr).T!fl until 
rnr^plrtlnn nT r«mF:trnrtirni, 



I'orrnia rock fill plared In 
nhnllnw slreamH (o permit 
equipment crctsnlnft. 



1. '1 O V.nrp w'tj-k Rlto drv. 

2. '1" lirrtr.isr InrMdllv. 



1. To allnw dry sKr 

rnnditiiin^. 

2, 'I'o rlof'rrnsr tiirltidilv. 



'I M .ill'iw rutiHlriicliun iif 
iidvrrts rlc. In llir dry. 
Ilrdiircs crpwiiin hn^nrri ns 
work n'd rlnnf^ in running 
wntrr. 



1'o prrvc!r*t rr()Rii>n nf 
Riirfrirr wnlrr riinnnf^l h.inkq 
rind lif>tlt>ri>R. 



1(1 (>Iini1nntr qtrrnni 
Inrliiilnnrn :ind tiirhiiiily. 
'I'r> nlinw nnrmni flow nf 
Hiirrafp wnlnr. 



7'o mininiizn strmm 
lurtildity. 



I'PT-Miits wi*rk tri r<»ntir»iip 
'liirinc rv>rninl Rlrpnm rIiCCp 
( firdrdllod riofullnp run l>r 
.Tritiniplislied dnrinc prriods 
nf in.nrtivUv. 



Work f':in hn rnntinncd dnrinc 

mriHl nnflrlpnlcfi strrnni 

cnnililit>ns. 

Clrnr w.itpr can I>o pnrnprd 

dtrrctly bnrk into strr;in». 

Nri rnntrrinl rlriiofl I tril lii 

slrrnni. 



I'rrpami rli.innpl krrpi 
Tinrntnl flown away fr-tnti 
rrinalrnctlfin. 



SarkPf! Rand with rrnirnt oi- 
qlonr ranv t<^ qtc^rkplfr and 
pla re. 

C"nn l)r> Inntnllctl in inrrc- 
menls no npcdpd. 



r'llOBLFMS 

['snallv rPqulrrs piitiiptne nf W'lrk 
Rlto water intr^ fiprllmpnt ponfl, 
Siil)|pct to cioMlon from qlrraiii 
and from dirpcl rainfall on dike. 
Flernoval a major proldpm. 



CdST 
TlATINfl 



f.i"iKCTivi:NT:?;s 

HATINf; 



rwprn5:lvp. 



Rxppnsivp. 

Diflplarp Rpriinipnt whrn dropprd 
into strPiini. 



I'ro^-jrlf nnoIjBl rnr I pd 
paHsagp for flail and otlipr 
water llfr. 

Capacity for nonnal flow 
can be provldeil with qtorni 
watpr flowing over Ihp road- 
way. 



Incxpensi vp. 

May also aerve aa a ditch 

check nr aeriiment trap. 



Sparc rud nlwriya available wIMi- 

onl connictinR with pcrnianrnt 

atrnrtnrc wurk. 

May ho cxppnslvp papcrially for 

larger alzea nf pipp. 

Sifhjecl to waabnid. 



May not be fordable rliirlng rain- 
storms. 

Ihirlnj! periods of low flow 
pasflage of fish may be blocked. 



1 «' 



lllEl. 



New rbannrl ii.iiialh mHI rctinirc 

protpcllmi. 

Slrpnm nniat be rdnrncil lo fdd 

rtiannel and tcmpnrarv rlianncl 

rerniptl. 



Mcjlliirn Ir 
lll)>b 



Flirli 



1 tiw to 

ItlRb 



Mp.tliir 



IliKh 



Mcdinin l( 
Mlf-b 



Mcdlion 



Mrdlnit 



Medium 



I'lKyrr^fTIVF KinU-'ArK WATIvU fdNTINHRI), 



TREATMENT 
PRACTICE 



DEFINITION 



OBJECTIVE 



ADVANTAGES 



pnonLEMS 



COST 
RATING 



EFFECTIVENESS 
RATING 



Check ITnm 


A stnirtiire used to stalilli/e 
the prnrio or to rnnlrol hcnd 
ciittlrvE in nitiiral or artiflcini 
rhannelfl. 


To reiUice nr prevent 
excessive erosion Ijy 
reriiirlion of veJorities in 
watercotirnes or by provlti- 
tne partial lined channel 
flprHnns nr atrnctiireFi that 
can withstnnit hiph (low 
velocities. 


Maintenance generally not 
required. 


Could eventually silt in. 


low HiEh 


I'^nhrl-frirm Erofllon 
Cfintrni Mnis 


Trrtinlriise Tor prfnsiirn fn- 
Jpc-tlriE fliild-niortnv Into 
ricxlhle fnhrl-forniH. 


Provide sinirliire, slope 
and crnde iirolectinn both 
ulinvr nt»! Iiclow the water 
lino. 


Cnn he used in shoreline 
slalfill/atton, levee fnr-lnc, 
cliaiiuel titling, ami com- 
Btnictinn of revrlturnis 
and check dnms. 
Xlnlnternipiefi slorm flow. 




Medium 


High 


flrvhlons 


I.arRe, mnltl-rclletl, rnrfan- 
gvil.ir wfrr mesh !ioxr=i rilleil 
with rncl<. 


IiSffi for ronnlructlon of 
erosion control structures 
such as revetments, re- 
laininE walls, check dams, 
etc. 


rrrective as filters for 
coarse debris. 


Limited success In filtering out 
fine sediments such as silt. 


High 


Medium to 
High 


Plastic rurtain 


A heavy plastic ciirtnin plarrri 
ill a shallow/ Remlrlrrin from 
the shore, hanging from 
polyiireihane floatR art! 
anchored with Banflltapn. 


Tfi trap sediment prothired 
frf»m cnnfllrmctlon .TCtivtties 
on .ifijarenl shoreline. 
Ilrdnce slream turhlrllty. 




t 






C;rnrlr Conlrol 
Rtnirtiire 


Earth enihankiiieiii H willi pipe 
nplllways or niechanlml 
slruelures of roncrotc. 
ii»nnonry, Hteel, ahiTTilnnni im' 
trenlpd wood. 


PiTvCTit eKCi'HSlve vpl4^citlcfl 
in channels hy redvicing 
channel slope. 




Safety hnr.srd lo (raffle. 

Some of mofll effective struclure' 

qiiile costly. 

Vulnerable to failure. 

Possible scouring at ends. 


High 


High 


Cement I.lnln); 


Permanent cement lining of 
wntrrroiimc. J 


Prevent shorfllne eroBlon. 

-t 






High 


High 

















I'HOTKCIION Ol' SUrU'ACI-: WAl liJltS CONIINttlMJ. 



TKKATMKNT 

ritAf.TICE 



oEKiNrritw 



onjiiCTivi; 



ADVANTAGES 



I'11oiu.ii;ms 



COST 
RATING 



EKi'ECTtVLNESS 
RATING 



S,iin|l..,j; ^.li .Miii lln . k 




cauainy aeiJimcjit created 
by upstreaMi loiistrvictioh 
activltLey tu Li> UepuuLted. 


I'l^Mlly niiitfti ui.:led. 
Kaslly repaired. 


pL'rniiiiient fluw will leduco 1(h 

effectiveneaa Ijy rapid sedinien- 

ta(ioji. 

WiJl wanli out with fiL^h flowd. 

Oidy uaefiil in interjnitlent and 

very Binalt utreatrm. 


1 IIW 


Muiliuiii 


(l.ivion St'diiiiiint 'I'r.ips 


pijhuil of y.iljluiirt. 


I'^ilter out Ncditiicnt. 


Can he a tt:iiijK>rary 


tnniluri can uticur lirounil aivt 

under trupH. 

j-'ilter out l;tr-f,^t: debris quite 

wull tjut iLiiiUc'd Hiitrtj^H In 

retaining ullt. 

Current veUjtilllcH rnual be li>w. 




MeiiiMiii 




liiie ami ytreaiiibanka. 


St ruuMih^ittk uiiil uhorullno 
protection^ 






ll<Kl< 


[,ow wiilljj uf llriiljer, rutk, 
coiicrcto i>r dtuol c-otiMtruvloii 
Into the wuter ut ri^tit ai^^lcB 
tu iKe fjhore uf lakou anJ 
alrtania. 


■|o tra]i Hand or oljicr walur 
tniiiH|Hirtc<) iiM.iturlul, 
Develops heacht;^ and 
prutucls ahoreline frujii 
eriiylve iii-ttun t>f wavua and 
curreritB. 






lllKli 


Meilluln 


K«-strirliun on 


Minlrritze number of croaalii^u 
ami pertiilt them only at atublf 
rfjchi.^3 of a strejrTi. 


MlnirtiizeM streainbed 
dibruplLon. 




May necesiiitale a lemporjry 
atreani cruusniy. 
Contrautur may have to travel 
out of way lu transjKJrl equip- 
nient tu uthei' side. 


Viiri;ilile High 















RESULTS OF RECENT WATERSHED 



PLANNING STUDIES IN METRO TORONTO 



ABSTRACT 



Basic changes in the hydrologic cycle caused by development, 
underlie many of the drainage and water management problems in 
urban areas. In the Metro Toronto region the area of urbanization 
is expected to increase by 60%. The impact of these changes on 
the watercourses in the region is significant; in terms of erosion, 
flooding and water quality. The Metropolitan Toronto and Region 
Conservation Authority has inventoried its watersheds and as a 
result of this review and the erosion and flooding problems that 
are forecast, has developed a Storm Water Management Program. 
This Program deals with the establishment of a basic Storm Water 
Management policy framework and certain performance criteria. It 
also deals with implementation through the planning process by 
defining a procedure whereby Storm Water Management policy can be 
incorporated at all levels. The Authority is of the opinion that 
it must play a key role in master drainage planning. It has 
available to it inventories of the opportunities and constraints 
as they exist along the watershed, including flood damage centres, 
erosion sites and areas where quality may be of concern. The 
Authority's Watershed Plan will provide a useful step in this 
regard. 



RESULTS OF RECENT WATERSHED 
PLANNING STUDIES IN METRO TORONTO 



2 
M. R. Garrett 



BACKGROUND 

When each Conservation Authority in Ontario was established, a 
watershed inventory was compiled and a Resource Management Program 
proposed. As these inventories became outdated and as new 
technologies were developed, the need for Conservation Authorities to 
review and update their data bases to incorporate the state of the art 
became evident. 

In keeping with this need for review and updating, the Province of 
Ontario in 1977 directed each Conservation Authority to study and 
investigate the watersheds within their jurisdiction and prepare and 
file with its member municipalities and the Minister of Natural 
Resources a Watershed Plan. 

As early as 1974 The Metropolitan Toronto and Region Conservation 
Authority had recognized the need to review and update its resource 
management policies and programs. The preparation of a comprehensive 
review and management program was begun with the data base studies in 
1975. The work culminated in March of 1980 with the presentation of 
a draft Watershed Plan to the Authority for its approval. The 
Watershed Plan is comprised of ten interrelated programs. 



^ A speech prepared for: "A Seminar for '80: Practical Implementation 
of Storm Water Management Technique" Co-sponsored by: Ministry of 
the Environment and Municipal Engineers Association, Toronto, 
Ontario - October 20 and 21, 1980. 

^ Administrator, Water Resource Division, The Metropolitan Toronto 
and Region Conservation Authority, Downs view, Ontario. 
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Provision for protection of human life and property from the hazards 
of flooding and erosion is the basic mandate of the Authority and 
forms the major emphasis of the Watershed Plan. This mandate is 
expanded upon in four of the component Programs of the Watershed Plan; 
namely the Flood Control Program, the Erosion and Sediment Control 
Program, the Shoreline Management Program, and the Land Acquisition 
Program. 

The Flood Control Program provides for the undertaking of remedial 
measures or the removal of hazardous structures through acquisition, 
and the application of regulatory measures to permit flood plains to 
carry out their primary function of passing flood flows in an 
unobstructed manner. The Erosion and Sediment Control Program is 
aimed at protecting life and property through corrective works as well 
as preventing future hazards through development control. The 
Shoreline Management Program is aimed at reducing erosion and flooding 
hazards along the Lake Ontario shoreline through protective measures 
and preventative regulatory controls. Working in conjunction with 
these three Programs is the Land Acquisition Program. The Land 
Acquisition Program is designed in part to bring flood plain and 
erosion hazard areas within the valleys and along the waterfront under 
public control. 

Two additional component Programs recognize the relationship between 
urbanization, erosion and sedimentation and flooding. The Storm Water 
Management Program details cooperative action between the Authority 
and its member municipalities on water management problems with 
particular emphasis on rapidly developing areas, and on the preparation 
of master drainage plans to serve as the framework within which deve- 
lopment occurs. The other Program, the Conservation Land Management 
Program, promotes conservation on private and public lands by 
providing reforestation, habitat improvement, stream improvements and 
a conservation land planning service. 
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In addition to the mandate of protecting human life and property from 
the hazards of flooding and erosion, the Authority is also concerned 
with preserving and conserving natural areas and making the amenities 
of open space areas available to the public. In this regard, the 
other aspect of the Land Acquisition Program provides for the 
acquisition of conservation lands within the valleys and along the 
waterfront that are considered to be significant or environmentally 
sensitive. 

The valuable ancillary use of conservation lands is the development of 
recreation areas for public use and enjoyment. The Watershed 
Recreation Program and the Lake Ontario Waterfront Development Program 
are designed to meet this need. 

With regards to the two remaining component Programs of the Watershed 
Plan, the Heritage Conservation Program recognizes a special contri- 
bution that a historical perspective gives to the understanding of 
resource management. All of the efforts of the Authority in its 
conservation programs are dependant on community understanding and 
acceptance. The Community Relations Program establishes the means by 
which the Authority can communicate with the community and places 
special emphasis on legislators, municipal councillors, media and the 
school system. 

This paper deals with the problems of storm drainage and the need for 
planned storm drainage systems at a comprehensive scale. This was 
subject of a report by the Urban Drainage Policy Committee as part of 
the Canada-Ontario Agreement on Great Lakes Water Quality. 

One of the five policy proposals contained in this report was: 

"Municipalities in coordination with the conservation 
authorities, will be required to develop master drainage 
plans for all watersheds in their boundaries. The 
purpose of this policy is to foster master drainage 
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planning for rapidly developing municipalities to 
ensure that storm water drainage systems are developed 
in a manner compatible with watershed needs , to 
identify existing water quality and flooding problems 
and to avoid future problems." 

This report also recognized the existing role that Conservation 
Authorities in Ontario play in the planning, development and operation 
of flood control, resource management and water conservation programs 
and went on to say : 

"Conservation Authorities are particularly well suited to 
play a major role in drainage planning because they have 
an overview of the entire watershed and they can play a 
coordinating role among the municipalities concerned." 

As part of the Authority's Watershed Plan, new component Program for 
Storm Water Management implemented over time, and in cooperation with 
the local municipalities, hopes to address the problems of storm 
drainage resulting from urbanization in a planned, comprehensive 
fashion. 



WATERSHED PROBLEMS IN THE METROPOLITAN TORONTO REGION 

Basic changes in the hydrologic cycle, caused by development, underlie 
many of the drainage and water management problems in urban areas. 
Balanced hydrologic relationships developed over the course of time 
are quickly and significantly disrupted by the process of urbanization 
As such, in the preparation of the Watershed Plan, major emphasis was 
placed on updating the hydrologic and hydraulic data base for the 
watersheds within the Authority's jurisdiction. 

Some of the major watersheds within the Authority's jurisdiction are 
presently in an advanced stage of development, such as the Mimico 
Creek, the Don River and Highland Creek systems. Substantial new 
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development is forecast for all major watersheds, however, and 
increased impacts may be expected on the water resources and water 
management programs of the Authority's region. Some of these impacts 
are worthy of discussion: 

Land Use Changes 

The majority of new development will occur in the middle zones, or 

reaches, of the watersheds. With the exception of the Humber River 

with its large headwater area, significant increases in developed 

area are envisaged for all other watersheds. The amount of land 

covered by the developing zone is expected to increase by about 

2 
300 km . (See Figure 1.) 

Flood Flows 

Flow rates and volumes are generally increased dramatically in 
proportion to the greater imperviousness and hydraulic efficiency of 
conventional urban systems. This is especially true for those 
smaller, more frequent storm events which, in the natural state, 
would be entirely absorbed by the soil. Increased flood flows result 
in larger bridge and culvert facilities, and may result in enlarged 
flood plains or floodways. Significant problems may be created in 
this way in headwater tributaries where the process of urbanization 
often requires modification of the existing watercourses. 

Impacts along the Etobicoke and Mimico Creeks, Black Creek, the East 
and West Don, Highland Creek, and the upper portions of the Rouge 
River are particularly notable. The many small tributaries not shown 
at this scale are often the most severely affected. Figure 1 shows 
where anticipated flow increases are expected to be greatest. While 
some flood susceptible areas are of a relatively minor nature, the 
number of such sites downstream of the developing zone is significant. 
Figure 2 shows the locations of all flood susceptible areas identified 
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in the Flood Control Program. Future development will magnify the 
impacts at existing flood susceptible areas and create additional 
damage sites if mitigative measures are not taken. 



Erosion 

Flooding and erosion problems, although not mutually exclusive, tend 
to be produced by different flow regimes. Whereas flooding is usually 
the result of infrequent severe flows, erosion usually results from 
cumulative effect of the more frequent smaller events that take place 
several times a year. It is precisely for these frequent flows that 
the impacts are greatest. The Authority presently implements a costly 
erosion control program designed to arrest present erosion problems. 
Unrestrained urban drainage development threatens to negate the 
effects of this program. The process of erosion ultimately results in 
enlargement of the stream as it seeks to adjust to the new flow 
regime, creating unstable banks, undercutting of existing structures 
and bridges, impairment of the water quality of small streams, and a 
loss of vital open space. 

The location of identified erosion sites within the Authority's 
region, as shown in Figure 3, are generally downstream of the 
developing zone and thus are likely to be increasingly affected by 
upstream development. 

Base Flow Reduction 

Increased imperviousness results in less opportunity for infiltration 
into the soil, and consequently reduced base flow on many small 
tributaries. Here again the problem is greatest on small tributaries, 
where streams which once flowed all year may dry up entirely after 
development. Very little data are available on this problem, but this 
process generally results in reduced water supply, impaired water 
quality, and altered vegetation and wildlife habitat. 
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Water Quality Degradation 

Urban runoff contains many different pollutants washed off the land 
surface during rainstorms, thereby contributing to the degradation of 
urban streams. This might include the various forms of salts, 
pesticides and other chemicals used, as well as sediment, litter, and 
debris which accumulate in most urban areas. Recognizing that even 
under existing conditions the water quality of a particular stream 
may be poor, it is nevertheless beneficial to buffer the stream from 
the direct discharge of urban storm water and its associated 
pollutants . 

Sediment removal during construction is a major source of water 
quality degradation and loss of fisheries habitat, and can affect 
other beneficial uses of urban streams as well. The relative 
magnitude of sediment removal for various types of land use compared 
with construction activity may vary by a factor of 100 or more. 
Ultimately, the sediment is redeposited along the lower reaches and 
lake outlet of the stream. Dredging to remove sediment deposits is 
presently required at several sites along the lakeshore. Figure 4 
demonstrates the general deterioration of water quality in the 
Etobicoke Creek from its headwaters to its highly urbanized lower 
reaches . 

Conclusion 

In Ontario over 80% of the population lives in urban centres. By the 
turn of the century, the urban population of Canada will increase by 
10 million people. Most of Ontario's share, which is one-third of the 
increase, will be in the Great Lakes basin. It is no overstatement 
to say that the Metropolitan Toronto region will be the focal point 
for the bulk of this increase. The urban growth that accompanies this 
population increase will bring substantial land drainage problems not 
only to the builder in the developing areas but to the built up areas 

where existing problems will be aggravated or new problems created, 
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At present, there are many flooding, erosion, and water quality 
problems which may in part be attributed to unrestricted urban 

drainage. The amount of urban land within the Authority's 

2 2 

jurisdiction is expected to grow from 550 km to 850 km , an increase 

of about 60% of the whole. This will significantly affect many 

smaller watercourses in the developing zone, as well as some of the 

major valleys downstream. 

Current flood plain management and erosion control programs are 
affected. On Highland Creek, for example, a heavily urbanized 
watershed, a continuous and expensive erosion control program is 
required to protect downstream private and public lands. A storm 
water management program would ensure that as much as possible, higher 
erosion-causing flows would be controlled at the source in developing 
watersheds . 

The problems of managing and coordinating the various drainage 
schemes, plans, and programs in the developing zone will be made very 
difficult without a sound storm water management policy and master 
drainage plans dealing with all aspects of the problem. Under such 
a policy, overall cost savings in both major and minor drainage works 
can be achieved. 

Finally, the attainment of general environmental and recreational 
improvement along urban streams requires a comprehensive storm water 
management program. There is a great potential for planned develop- 
ment of urban water resources, which is at present largely untapped. 
The use of natural drainage design concepts, linked open space/ 
recreational space along watercourses, and "Blue-green" technology 
offer, in the Authority's opinion, enhanced urban surroundings which 
help to re-establish man's traditional relationship to water and the 
natural environment. 
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OPERATIONAL CRITERIA FOR STORM WATER MANAGEMENT DESIGN 

Unquestionably the traditional approaches to storm water management 
are inadequate today. An environmentally aware public will no long 
permit higher damaging flows in already overtaxed downstream systems. 
The number of lawsuits in this regard is increasing and professionals 
have started to develop alternatives. In the United States for 
example, alternative drainage control strategies have been articulated 
into four basic objectives; 

- existing natural drainage systems will be used as much as 
possible and left in a natural state; 

- drainage channels will be gently sloping grassland swales 
as opposed to narrow deep ditches or trapezoidal channels; 

flow retarding devices such as retention ponds be used 

where practical to minimize increases in runoff volume and 

peak flow resulting from urbanization as it may affect 
erosion and flooding; 

- drainage pipes and other flood control structures are used 
only where the natural system is inadequate. 

Different jurisdictions have applied these objectives in various ways. 
Some have gone so far as to adopt blanket regulations which require 
all individual proposed developments to maintain peak flow rates from 
their sites at the level that existed prior to urbanization. This 
requirement dictates on-site retention. Concerns are being raised 
however about the composite hydrograph downstream. An alternative 
approach is to employ one regional retention device in lieu of 
several on-site facilities; this too can have an adverse effect on the 
composite downstream hydrograph if planning is not done on a watershed 
basis. Alternatively, some jurisdictions have implemented a regional 
drainage management scheme that would allow varying degrees of control 
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in each of the watershed sub-basins, e.g. middle and upper portions 
would be required to retain peak flow to the predevelopment level 
while the lower portion would not have any retention in order to 
allow the downstream sub-basin to peak and recede prior to the 
upstream peaks arriving. An example of this in the United States is 
that funding for a four mile long flood control channel at the 
downstream end of a watershed was conditional upon the drainage from 
all the combined upstream development, old and new, not exceeding 
the designed capacity of this channel; this meant that a multi- 
jurisdictional body had to be set up to consider the impact of all 
new development on the composite downstream hydrograph. 

The Authority, in considering the options for management of storm 
drainage in the future determined that there were three areas of 
concern which must be addressed in the establishment of drainage 
criteria , 



%iii^, The Minor System 

The minor drainage system is composed of all those swales, gutters, 
catchbasins, storm sewers and outlets which carry the runoff from 
small, frequent storms. This is often referred to as the 
•convenience' system, and is normally designed for storms with a 
return period of 2-5 years. The minor system usually discharges to 
the nearest stream or watercourse. 

In most instances, downstream erosion and water quality impairment 
are worsened by these direct discharges from the minor system. 
Therefore, unless water quality, erosion or fisheries objectives are 
of no concern, detention facilities should be provided at or above 
all minor system outlets. Such facilities, along with other 
controlling devices along the minor system should be designed to 
control to predevelopment conditions, all flows up to and including 
the 2 year storm, as a minimum; this would include the great majority 
of small frequent summer storms. /ll... 
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During the construction phase when surface erosion is at its greatest, 
temporary erosion control facilities should be constructed to minimize 
the discharge of sediment-laden runoff from the site. The use of 
berms, straw bales, and sediment traps are recommended. 

2 . The Major System 

The major drainage system is composed of all the streets, walkways, 
channels, watercourses and ponds which carry the runoff from large, 
infrequent storms which overtax the minor system. This is referred 
to as the 'Flood Protection' system, and often falls under existing 
flood plain management programs. The Authority requires that all 
major drainage system components, irrespective of drainage area, must 
be designed to accommodate the greater of the 1 in 100 year or the 
Regional Storm post-development flows. . 

Where these components are man-made, such as streets and walkways, 
the major flow shall be accommodated without damage to structures or 
basements. When an open channel or a natural watercourse is utilized, 
all land that would be inundated by the major flow should be 
classified as hazard land. 

The necessity and criteria for controlling flows in the major system 
will ultimately be determined through the master drainage planning 
process for the developing area. Consideration will be given to such 
alternatives as traditional drainage, zero increase in runoff, and 
controls on the minor system, or a combination of both. Existing 
downstream watershed flooding and erosion constraints should be 
recognized at this stage as well as environmental objectives 
established by the municipality and the Authority. The use of 
parkland, grassed swales and easements for conducting flow in the 
major system is beneficial, in terms of both quantity and quality of 
downstream runoff, and is strongly advocated by the Authority. 
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Until master drainage plans are produced, the degree of control on 
the quantity or runoff from a proposed development should be: 

(a) The post-development peak flow shall not be greater 
than the corresponding predevelopment peak flow for 
the 1 in 100 year storm. 

(b) If the proponent wishes to pass post-development 
peak flows that are greater than the corresponding 
predevelopment peak flows for the design storm, he 
must be able to prove that the cumulative effect 
of such an increase will have no adverse impact 
downstream. 

With certain defined overall restrictions contained in these guide- 
lines, the Authority recommends flexibility and innovation in the 
development of new approaches. Storm water storage is accepted as a 
basic philosophy but is to be utlimately designed on a watershed 
basis and not on an individual development basis. 

%*. Natural Channel Design 

In many cases it is necessary to modify and channelize small urban 
tributaries for servicing, flood control, or land use reasons.. 
Usually, this is accomplished by constructing regular shaped, 
concrete lined flood channels which accelerate the passage of flood 
water downstream and do not contribute to the recreational and 
aesthetic attributes of the valley. 

Where rechannelization is required, the Authority encourages the use 

of natural channel design concepts. The basic aim of natural channel 

design is to create a stream channel analogous to a configuration 

which would occur under natural conditions. In general, this means 

that the channel is constructed as a meandering low flow channel 

within a floodway. 
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The bed slope in the low flow section is such that under normal flow 
conditions the channel bed remains stable; deposition is in 
equilibrium with erosion, and no changes result from normal flow 
conditions. In addition, curves and meanders are either protected 
or designed to remain stable under normal conditions. 

The floodway is designed to carry high level flows, and is primarily 
intended to ensure safe discharge of major flood flows. It also 
serves to contain the low flow channel and protect it from encroach- 
ment, and to provide access and space along the stream for recreation 
or maintenance purposes. 

In practice, it is often necessary to add stabilizing structures as 
critical points along the stream, such as: 

at structures, such as bridges, to ensure meanders do 
not shift and cause damage; 

on steep slopes along the floodway, to ensure bank 
stability; 

on some meanders, to help maintain the design 
configuration . 

The advantages of natural channel design are: 

(a) Natural flood plain widths may be reduced somewhat to 
fit the design floodway. 

This can result in considerable land savings. 

(b) Low flow characteristics of the stream are not altered. 

Sediment loads, velocities, and hydraulic 
characteristics are maintained at natural levels 
for high frequency storm flows. 
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(c) The floodway ensures safe disposal of high level flows. 

The flood channel is well-defined, predetermined, 
and efficient and can provide for unforeseen 
future changes in hydraulic conditions. 

(d) Downstream channels are protected. 

As a consequence of point (b) above, the sediment 
load and hydraulic parameters entering downstream 
reaches are at natural levels. This prevents any 
artificially induced morphological changes to the 
stream, and maintains stream quality. 

Ce) The naturally designed channel continues to provide a 
substrate for wildlife. 

Flora and fauna are maintained in the channel, 
which helps keep the water clean, productive, and 
aesthetically pleasing. 

(f) The channel provides recreational space. 

The natural design is inherently favourable for 
recreational use. Grassed banks, a meandering 
stream, close proximity, and easy access make 
such streams ideal for urban open space. 

(g) Economy 

The natural design can make use of existing stream 
patterns to a large extent, and does not involve the 
high cost technology of concrete or other traditional 
structural designs. This can result in a design 
which has a much lower initial cost than other 
methods. In addition, maintenance costs are low, 
since scour and deposition are minimized both at and 
below the new channel, 
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IMPLEMENTATION OF STORM WATER MANAGEMENT 

Storm water management is a preventative approach and is closely 
interrelated with detailed land use and sub-division design practice. 
Opportunities for implementing this approach are greatest if require- 
ments are established in the earliest phases of development planning. 
The drainage of storm water in this respect is no different than the 
planning for a regional road system or sewage collection or water 
supply systems. The Authority can best direct its efforts therefore 
by working closely with the upper and lower tier municipalities to 
establish suitable policies and official plans statements establishing 
master drainage planning principles on various watersheds particularly 
those under pressure for development. If the principles of good storm 
water management and the resultant enhancement of overall stream 
quality becomes generally accepted at all levels, there will be a need 
to ensure that the preparation of storm water management plans are not 
left entirely to the discretion of the local municipality or to even 
an individual conservation authority. In this regard it is important 
that the Province of Ontario enunciate a clearly stated policy in 
favour of storm water management and the preparation of master 
drainage plans. Regional and local official plans should also 
indicate the overall contexts in which storm water management plans 
will be prepared. Upper-tier Official Plans should: 

- foster a positive attitude rather than a reactionary 
one, by encouraging acceptance of the benefits of 
storm water management; 

as much as possible, standardize policies at the 
local municipal level to ensure some uniformity and 
consistency; 

give the legal effect to the implementation of storm 
water management. 
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At the local level policies in Official Plans would provide overall 
guidelines when dealing with issues such as: 

zoning bylaws and amendments 

the subdivision of land 

drafting subdivision agreements 

site plan control bylaws under Section 35 (a) 
of The Planning Act 

the preparation of master drainage plans 

acquisition of parkland 

etc . 

The actual implementation of storm water management begins with the 
master drainage plan. There are three principle objectives that 
should be addressed as part of the preparation of master drainage 
plans: 

(a) the establishment of basic watershed conditions; 

(b) identification of drainage constraints (flooding 
or erosion or quality) ; 

(c) evaluate storm water management options. 

It is important to note that master drainage plans are the effective 
link between the planning policies and the actual design criteria. 
Planning policies would require that master drainage plans be 
prepared. Design criteria will then evolve from the master drainage 
planning and would be implemented during the preparation of secondary 
plans as part of the development approval process by municipalities. 

The Authority is of the opinion that it must play a key role in 
master drainage planning. It has available to it inventories of the 
opportunities and constraints as they exist along the watershed 
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including flood damage centres, erosion sites and areas where quality 
may be of concern. The Authority's Watershed Plan will provide a 
useful first step in this regard. 

CONCLUSION 

The preceding sections have described the establishment of a storm 
water management policy framework and performance criteria governing 
development proposals. Subdivision plans and site plans would then be 
considered by councils at both levels on the basis of the stated storm 
water management policies and criteria. These policies will then be 
applied in the development approval process in the same fashion, for 
example, policies dealing with parkland requirements, housing 
densities and the preservation of trees. The net effect of this 
process is that subdivision plans, bylaws, and all development 
agreements must of necessity incorporate provisions for storm water 
management and the implementation of the master drainage plan wherever 
practical and feasible. The master drainage plan itself would then 
have legal weight and both the municipality and developers would be 
legally bound to acknowledge it. 
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LUNCHEON PAPER 
OCTOBER 21, 1980 
SKYLINE HOTEL, ETOBICOKE 
BY 
R. F. ALLEN, P. ENG. 
OTHER CONSIDERATIONS BESIDES TECHNIQUES 
FOR STORMWATER ^1ANAGEMENT 
INTRODUCTION 

GOOD afternoon: 

1. MY PARTICIPATION AS PART OF THIS SEMINAR IS THE RESULT 
OF A PERK OF OFFICE AND A RATHER EFFICIENT RAILROAD SYSTEM 
ENGINEERED BY A MICKEY-FOR-MAYOR CANDIDATE, ONE BILL WARWICK. 
FRANKLY, THE LOGIC OF THIS SITUATION ESCAPES ME. 

2. SURELY BILL HAS ENOUGH PROBLEMS IN SCARBOROUGH, 
OVER STORMWATER, THAT HE COULD SPEND ALL HIS TIME THERE 
RATHER THAN CONDUCTING A SEMINAR SUCH AS THIS ONE. BUT 
THAT'S THE CHARACTER WE ARE DEALING WITH AND OUR ASSOCIATION 
CERTAINLY APPRECIATES THE DRIVE AND EFFORT HE HAS EXTENDED 
IN PREPARING THIS PROGRAM. 

3. IN REVIEWING THE TWO-DAY PROGRAM OF THIS SEMINAR, I 
FELT THAT CERTAIN SIDE EFFECTS OF STORMWATER MANAGEMENT SHOULD 
BE ADDRESSED. TO ME , IT APPEARED TO BE AKIN TO THE OLDER 
METHODS OF PREVENTING CONCEPTION. THE COMMON APPROACH WAS 
THE CONDOM, DIAPHRAM, THE RYTHM METHOD OR COMPLETE ABSTINENCE. 
THUS, THE "PILL" WAS INTRODUCED ONLY TO FIND THAT THERE ARE 
CERTAIN HAZARDS CONNECTED WITH ITS USE. 

4. IS THE "PILL" A PARALLEL TO THE INTRICACIES OF STORM- 
WATER MANAGEMENT? ALTHOUGH THE PARALLEL MAY BE A BIT 
OBSCURE, I WOULD LIKE TO DEAL WITH SOME OF THE CONCERNS THAT 
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4. (Cont.) 

SHOULD BE CONSIDERED AS PART OF THE MANAGEMENT PROCESS. 
EDUCATION 

5. A REVIEW OF SOME OF THE LITERATURE ON THIS SUBJECT 
REVEALS A VARIETY OF METHODS, MODELS, CONCEPTS AND TERMINOLOGY, 
ENGINEERS AND TECHNICIANS WILL HAVE A VARYING DEGREE OF 
UNDERSTANDING AND MEANING AS APPLIED TO THEIR WORK. WE WILL 
BE ABLE TO COMMUNICATE WITHIN OUR PROFESSION ON MODELS AND 
CONCEPTS SUCH AS: HYMO, ILLUDAS , SWMM, STORM OR MAJOR-MINOR 
AND ZERO RUN-OFF. 

6. ULTIMATELY, COMMUNICATION MUST BE PASSED TO OUR 
POLITICAL BOSSES AND THE PUBLIC. WE MUST REMEf^BER TO AVOID 
THE TECHNICAL JARGON AND GET DOWN TO GRASS ROOTS OR BASIC 
LANGUAGE OUTSIDE OUR TECHNICAL WORK PLACE. TO ILLUSTRATE 
THE POINT, THERE IS THE LACK OF UNDERSTANDING OF THE MEANING 
OF ZERO RUN-OFF BY THE PUBLIC, POLITICIANS AND THE MEDIA. 

IT IS OUR DUTY TO ENSURE A BASIC AND CLEAR UNDERSTANDING 
OF THE HOW AND WHY OF DESIGN TOOLS. 

7. AS YOU HAVE LEARNED, THERE IS ANOTHER AREA OF 
EDUCATION THAT WILL BE ESSENTIAL TO THE FUTURE OF STORMWATER 
MANAGEMENT. EVERYONE MUST BE MADE TO UNDERSTAND THE DEGREE 

OF RISK AND RESPONSIBILITY INVOLVED IN DEALING WITH STORMWATER. 

NO MORE CAN WE ACCEPT THE PRIVATE INTERFERENCE WITH LOT 

GRADING FOR DRAINAGE, DOWNSPOUT AND SUMP PUMP OUTLETS, THE 

DECORATIVE BACKYARD PONDS AND THE PRETTY LITTLE WATERWHEEL 

WHICH OBSTRUCTS. THE GENERAL PUBLIC MUST BE EDUCATED AND 

ADVISED OF THE RISKS INVOLVED WITH TAMPERING WITH NATURE OR 

ALTERING RUN-OFF PATTERNS DESIGNED AND CONSTRUCTED FOR THEIR 

SAFETY . 

. . ./3 



- 3 - 

SAFETY 

8. THE NEXT ITEM WHICH MUST BE LOOKED AT CAREFULLY, AND 
MORESO IN THE FUTURE, IS PUBLIC SAFETY IN THE DESIGN OF 
STORMWATER WORKS. CONSIDERING RETENTION, DETENTION AND 
DRAINAGE DITCHES, ETC., PROTECTION OF THE PUBLIC AND 
AESTHETIC TREATMENT MUST BE INHERENT IN THE FINISHED PRODUCT. 

9. THE EFFECT OF A GRILL OVER THE ENDS OF A LARGE 
CULVERT TO PROTECT AGAINST ENTRY IN DRY WEATHER, IN MORE 
THAN ONE INSTANCE THIS SUMMER, HAS PROVEN TO BE A KILLER 
DURING RAIN STORMS. 

10. THE CONVENTIONAL TRAPEZOIDAL DESIGN OF RETENTION 
AND DETENTION BASINS MUST BE REASSESSED TO PROVIDE GRADING 
AT THE SHORELINE TO FACILITATE RESCUE IN THE EVENT OF 
IGNORANT OR WILFUL TRESPASS. 

11. UNLESS WE CONSIDER THE SAFETY ASPECT, THE BENEFIT 
OF GOOD DESIGN FOR STORMWATER FACILITIES WILL BE COMPLETELY 
NEGATED FOLLOWING THE FIRST SERIOUS ACCIDENT. 

LAND 

12. IT WILL BE QUITE OBVIOUS THAT SOME REMEDIAL OR INITIAL 
WORKS WILL REQUIRE MORE SPACE THAN WE HAVE TRADITIONALLY 
ALLOWED FOR STORMWATER. IN NEW DEVELOPMENTS, THE PLANNING 
ACT ALLOWS FOR A 5% DEDICATION OF LAND FOR MUNICIPAL 
PURPOSES. SUCH LAND DEDICATIONS HAVE, IN THE PAST, BEEN 
HABITUALLY UTILIZED FOR RECREATIONAL OR OPEN SPACE PURPOSES. 

13. EVEN THOUGH ONE MAY COMPETE AGAINST RECREATION FOR 
SPACE FOR STORMWATER FACILITIES, THE ODDS ARE THAT THE 
DEVELOPER WILL HAVE TO PROVIDE ADDITIONAL LAND FOR RETENTION 
OR DETENTION PONDS, ETC. THEN WE WILL AGAIN BE FACED WITH 
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13. (CONT.) 

CRITICISM OF "GOLD PLATING" AT THE EXPENSE OF HIGHER HOUSING 
COSTS. 

14. ONE SHOULD ALSO CONSIDER THE NEED FOR MORE LAND TO 
PROVIDE IMMEDIATE OR FUTURE SPACE FOR STORMWATER TREATMENT. 
WE ARE AWARE OF THE EFFECTS OF STORM RUN-OFFS ON RECEIVING 
WATERS AND IT IS ONLY A MATTER OF TIME BEFORE TREATMENT 
BECOMES MANDATORY. 

15. ACQUISITION OF LAND AFTER THE FACT IS A MOST 
DIFFICULT AND COSTLY ADVENTURE. THE SPACE REQUIREMENT 
FACTOR MUST BE INCLUDED AND ADDRESSED EARLY IN DESIGN 
CONSIDERATIONS. 

LEGAL 

16. SINCE YOU HAVE A SESSION DEALING WITH DRAINAGE 
LAW IMMEDIATELY FOLLOWING THIS LUNCHEON WITH MR. DENNIS 
WOOD, I WILL NOT DEAL WITH THE "COMMON ENEMY RULE" OR THE 
"CIVIL LAW RULE". BUT RATHER, I WOULD TOUCH LIGHTLY ON 
ANOTHER SIDE WHICH IS TREATED VERY LIGHTLY. 

17. I MENTIONED IT EARLIER. IT INVOLVES THE PRIVATE 
PROPERTY OWNER INTERFERING WITH A PRE-PLANNED AND REGISTERED 
LOT GRADING PLAN TO THE POINT WHERE HE CAUSES DAMAGE TO HIS 
NEIGHBOUR OR INTERFERES WITH THE DRAINAGE PLAN. 

18. NOT ONLY ARE REAL ESTATE AGENTS NOT BRINGING SUCH 
COVENANTS TO THE ATTENTION OF THE BUYER, BUT SOME LAWYERS 
ARE EVEN NEGLECTING TO INCLUDE SUCH INFORMATION IN PROPERTY 
DEEDS. 

19. IT IS A PROBLEM THAT MUST BE ADDRESSED IN THE SAME 
MANNER AS COMMON OR CIVIL DRAINAGE LAWS TO ENSURE MORE 
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1 9. ( CONT . ) 

RESPONSIBLE PUBLIC AWARENESS. I WILL LEAVE THIS ISSUE TO 

YOUR LEGAL SESSION. 

CONCLUSION 

20. YOU HAVE AND WILL BE ACQUAINTED WITH THE VARIOUS 
CONCEPTS FOR DEALING WITH STORMWATER MANAGEMENT. ALSO, YOU 
WILL BE GOVERNED IN YOUR DESIGNS BY PHYSICAL FACTORS, SUCH 
AS TOPOGRAPHY, RETURN PERIODS , IMPERVIOUSNESS , ETC. 

21. WHAT I HOPE YOU WOULD ALSO CONSIDER ARE THE INDIRECT 
FACTORS WHICH SHOULD BE CONSIDERED IN YOUR DELIBERATIONS. 

I HAVE DEALT WITH A FEW SUCH AS PUBLIC EDUCATION, SAFETY, 
PROPERTY REQUIREMENTS, AND THE LEGAL ASPECT. OBVIOUSLY, 
TIME WILL NOT PERMIT ME TO DEAL WITH OTHERS SUCH AS COST 
BENEFIT, HAZARD AND FLOODPLAIN LANDS OR THAT REAL PROBLEM, 
ENVIRONMENTAL ASSESSMENT. 

22. TO SUM IT ALL UP, I WOULD REPEAT THE MAXIM; "TIME 
SPENT IN PLANNING IS NEVER WASTED." 
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